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MACHINERY OF GOVERNMENT 
IN THE WELFARE STATE 


OTH in Parliament, through the Select Committee 
on Estimates, and out of Parliament in a series 
of important lectures, such as Sir John Anderson’s 
Romanes Lecture and the inaugural lectures of Prof. 
K. C. Wheare and Prof. W. A. Robson, the structure 
and adequacy of the whole organisation of govern- 
ment has come under review. It is understood to be 
receiving the attention of a Cabinet Committee, and 
Prof. Robson strongly criticized the secrecy with 
which the Government has treated the whole subject 
as handicapping the public discussion which could 
undoubtedly contribute to the solution of some of 
the problems presented, particularly in such matters 
as the delegation of Ministerial powers or the control 
of public corporations. Proposals for constitutional 
reform have been advanced by the political parties, 
though for the most part characterized by tinkering 
with the existing structure rather than by bold 
or far-reaching changes. So far back as 1941, a 
broadsheet on the machinery of government was 
issued by Political and Economic Planning ; but the 
subsequent broadsheets then promised have not yet 
materialized, apart from one dealing with the Civil 
Service. 

It has been frankly recognized by the Lord Presi- 
dent of the Council that time and experienve will 
be required before we can work out the most appro- 
priate means of public accountability and Parlia- 
mentary control over the public corporations and 
nationalized industries, and that no one means may 
be the most appropriate for all such bodies. Sir 
John Anderson end Prof. Robson, in the lectures 
already noted, both sounded warnings that the pace 
at which the process of nationalization was proceeding 
placed excessive strain on the whole task and 
apparatus of government. Other tendencies are 
undermining the fabric and vitality of local govern- 
ment, and Prof. Robson expressed the opinion that 
not only are we at present failing to make the most 
efficient use of our resources of political energy, 
administrative ability and experience, but also that 
contemporary trends are so far from conforming to 
the best democratic principles that many serious 
errors are being committed. 

On that point Lord Justice Denning’s lectures last 
autumn provide convincing evidence. Some of the 
concern over the East African groundnuts scheme 
may also be attributed to such causes. The storm 
over the Prestwick air inquiry last autumn had a 
similar origin and raises like principles. The Select 
Committee on Estimates in more than one report has 
seferred to the weakening of Parliamentary control 
over public expenditure, whether through secrecy 
restrictions, as in the expenditure on research and 
development in the defence estimates, or to the need 
for elaborating fresh ways and means of satisfying 
Parliament that such large sums of public money as 
are now voted for the University Grants Committee 
or the Department of Scientific and Industrial 
Research are wisely spent without impairing either 
the independence or autonomy of the universities or 
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cramping the initiative and enterprise so essential in 
research. 

So far as science is concerned, a considerable 
advance has been made over the last twenty years 
in the general problem of relating knowledge and 
power, and securing that policy gives full weight to 
the scientific and technical factors that enter into 
almost every decision. In one field, however, there 
is growing concern, and the article which Dr. J. B. 
Conant contributed to the American periodical 
Foreign Affairs last January on science and politics 
fairly reflects a malaise prevalent in Great Britain. 
In this field of defence, the main disturbing factor is 
the element of secrecy ; but it should not be over- 
looked that, however correct in theory and on paper 
the organisation of defence in Great Britain under 
the Ministry of Defence may be, by common consent, 
that Ministry has hitherto been a failure. Such an 
organisation requires energy, imagination and de- 
termination to enable it to work effectively ; for even 
the most perfect organisation depends for successful 
operation on men of ability, and that factor cannot be 
overstressed. Nevertheless, it is probable that some of 
the failures in co-ordination—for example, in regard 
to training areas for the Services—would have been 
avoided had the Cabinet appreciated the issues at 
stake. 

What appears to be most needed at the present 
time is reform at the Cabinet level. Lord Samuel 
has recently again urged the need for a small policy- 
making Cabinet, with time and ability to act as a 
power-house of planning ; and he suggested, like the 
Haldane Committee, that the Cabinet should consist 
of ten, or at most twelve, members. Discussion with 
Sir John Anderson over this proposal has turned on 
the necessity in practice of including Ministers with 
departmental posts and real responsibility for 
formulating policy. 

The dilemma is indeed real, and is not entirely 
met by the present Cabinet committee system 
developed under Mr. Churchill’s administration and 
continued under Mr. Attlee’s. Nor will the re- 
grouping of departmefits and elimination of some 
which now appear to be unnecessary by itself suffice. 
Clearly, too, we require Ministers of outstanding 
ability for the departments ; but as we have already 
seen with the Defence Ministry, it is idle to group 
them if the co-ordinating Minister is unable to 
concert a common policy and present a coherent 
programme. 

The recommendations made by both Liberals and 
Conservatives for the merging of various government 
departments have, in fact, been advanced as measures 
of economy ; but something much more than this is 
required. Such changes should be made not primarily 
for economy but as part of a general plan for 
administrative reform in which the concern is with 
the means of government and not with its ends. 
What is required first and foremost is fresh con- 
structive thought on the mechanism of government 
directed to find a new and more effective reconciliation 
of popular control and individual freedom with the 
efficiency of the executive. It is not to be achieved 
by an attempt to reduce the functions of the execu- 
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tive, any more than by ignoring the plain fact tha: 
the steady accretion of the powers of the Cabinet ang 
of the Civil Service, especially by the increasing 
practice of delegating the issue of regulations withoy 
reference to or effective supervision by Parliament. 
constitute a grave infringement of individual free. 
dom and often lead to serious injustice. 

Such issues can and should be resolved without 
involving the secrecy element, which is best cop. 
sidered when a general solution has been found. This 
is not to suggest that the barrier to public discussion 
which secrecy constitutes is not important; byt 
rather that an attempt to formulate a general solution 
by that means is likely to distort the organisation 
and lead to more serious obstacles to the ty 
flow of information and understanding 
executive and electorate on which the smooth 
functioning of a democratic system depends. The 
importance of such interchange in general is seldom 
fully appreciated ; but its value in the scientific field 
is matched by its importance in public a‘fairs 
generally if a government is to be sure of the popular 
support and understanding for its policies required in 
a democracy. 

This is essentially a question of balance, and even 
in the field of defence we have to evaluate the risk 
of information reaching a potential enemy against 
the risk not only of waste of public money but also 
of the misdirection of resources and scientific and 
technical man-power if secrecy is allowed to impede 
effective consultation and discussion by technical 
and scientific opinion. Sir John Anderson has rightly 
stressed the need for flexibility, but besides the need 
for devising some means for eifective Parliamentary 
scrutiny and control, for consultation and discussion 
by expert opinion, and augmenting executive power, 
means are needed for bringing the executive into 
closer touch with the point of view of those affected 
by its measures. 

These are some of the inherent difficulties of a 
democratic government. Some administrative errors 
have obviously been due to failure to consult 
effectively beforehand, to pre-occupation with the 
ends and to indifference to the means by which those 
ends are most wisely promoted. Even in the scientific 
and technical field, there is room for improvement, 
while reform at the centre cannot wisely be under 
taken without some consideration of local government 
reform. Even more than the current proposals for 
devolution in Scottish and Welsh affairs, some wise 
measure of local government reform might well d 
much to relieve the burden upon some of the central 
government departments, and at the same time 
revitalize institutions the effective functioning of 
which is essential in a democracy. Without vital 
local government organs we cannot have the co- 
operation and understanding of the individual citizen 
that are the condition of the survival of democracy. 

These issues transcend party politics. The balanced 
state of parties in the present House of Commons 
might offer an opportunity for discussion across party 
lines and for the evolution of proposals which could 
bring fresh life to both Parliamentary and _ local 
institutions. The time is possibly ripe for a contri- 
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pation to thought in this field from the universities, 
ys Prof. Robson has suggested, and it is to be 
hoped that the linking of the Institute of Public 
\dministration with the British Institute of Manage- 
ment will lead to more and not to less independent 
nvestigation of the institutions and 
analysing of policies and processes. 
Independent investigation and 
we essential factors in effective reform of the organ- 
They can scarcely function, 


working of 
public discussion 


sation of government. 
however, if the Government persists with the policy 
f secrecy which Prof. Robson criticized so strongly ; 
nd while, as Sir John Anderson has pointed out, it 
as been the general practice of governments to 
afiese to disclose in public the functions or com- 
positions of Cabinet committees, so as to maintain 
unimpaired free and frank between 
Ministers, and the collective responsibility of the 
Cabinet as a whole, the principle is pushed too far 
when it obstructs the publication of reports com- 
yarable with that of the Haldane Committee. Any 
sheme for Cabinet reform, if it is to secure executive 
ficiency, must clearly take into account the tastes 
und temperament of Ministers and the special cir- 
umstances and requirements of both the particular 
Cabinet and the departments. But it must equally 
be based on sound administrative principles, and the 
more widely these can be made public the greater 
the chance of securing public support, understanding 
und constructive criticism. Even at Cabinet level, it 
s well to heed the maxim that no man should be a 


discussion 


udge in his own cause. 

" It is only, indeed, by meticulous subscription to 
such a principle and by taking the utmost pains to 
ensure, not only that justice is done, but also that it 
3 manifestly seen to be done, that we can avoid the 
langers which in a democracy attend the growing 


tendency to vest immense powers in an unwieldy 
It is the corrective to department- 
Jism and points the way to that continual review 
f the purposes and functions of departments that 


uiministration. 


lone can ensure efficiency and the continuous 
dimination of the superfluous and redundant. It 
was never more needed than in securing the 
right balance between central and local government 


centralization 


now 


und in correcting the tendency to 
which, by endangering local government, threatens 
the vitality of all our democratic institutions. Even 
the powers of the Local Boundary 
Commission, which the Government terminated last 
year, did not permit the formation of local govern- 
effective convenient as they 


Government 


ment units as and 
might be. 


Comprehensive local government reform in Great 


Britain is now urgent, not only in the interests of 


administrative efficiency, but also to ensure the 
vitality of municipal institutions in which de Tocque- 
ville saw the spirit of liberty and the real strength 
fa free people. The rich diversity of human develop- 
ment which last century inspired in turn von 
Humboldt’s “Sphere and Duties of Government” 
and Mill’s essay “On Liberty” is no less essential 
to-day and can be ensured and safeguarded in the 
local community or professional or cultural group. 
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These are the real safeguards of freedom to-day, and 
one task of government is to keep the balance between 
such local needs and those of the nation as a whole 
and to enlist their understanding and co-operation in 
the larger tasks. From them, too, must be drawn the 
men and women who will be required for many of 
the administrative and executive duties in local 
government and the voluntary services which are 
still indispensable in the social welfare State. Im- 
perative as it may be for the whole question of 
ministerial and departmental functions and relations 
at the Cabinet level to be examined impartially and 
critically, as Prof. Robson has suggested, by a com- 
mittee possessing exceptional ability, great experience 
of public affairs, disinterestedness and freedom from 
ministerial pre-occupations, this other aspect is no 
less important. It is not simply a question of efficient 
government and securing the right and e‘fective use 
of expert knowledge; but also of securing due 
appreciation of the point of view of the Government 
and of ensuring understanding and co-operation. 
That is the vital need if we are not to drift into a 
bureaucracy which will rob democracy of its real 
meaning, and there can be no question that in recent 
years in Britain this need has been at times over- 
looked by the Government to an extent dangerous to 
the existence of a free people. To curtail the oppor- 
tunity for discussion in Parliament, to restrict inquiry 
whether on the plea of secrecy or administrative 
convenience, and to neglect the means of explaining 
fully what is involved in public policy, can be as fatal 
to democracy as the totalitarian treatment of human 
beings as though they were inanimate objects. 
Three years ago, in his book “The Civil Service 
and the Changing State’, Mr. H. R. G. 
dealing with the machinery of central direction, sug- 
gested that the present-day State requires not the 
enlargement of authority but the development of new 
machinery to meet three needs. The first, central 
machinery for economic planning, has largely been 
provided. The second, an authoritative body to 
create, maintain and overhaul the machinery of 
government—-a directive authority for the scientific 
ordering of public administration in the much bigger 
and vastly more complex connotation of that term 
in the modern social-service State with an important 
section of nationalized industry—has yet to be pro- 
vided. The third, an agency for information and 
public relations, the function of which is to organise 
and foster, at every level of the executive, plans for 
the understanding and co-operation of the public, is 
only provided in the most rudimentary form, and it 
may well be questioned whether by itself it can 
provide all that is required unless it is supplemented 
by other means, direct or indirect, for facilitating 
contact between the central executive and the 
public. These, however, are the objectives towards 
which the present impulse to parliamentary or con- 
stitutional reform should be directed. It is to 
be hoped that the Government will recognize more 
clearly the importance of the problem and make a 
real contribution, not only by encouraging the public 
discussion and the impartial investigation of the 
structure of government at the highest level, as well 
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as in the Civil Service; but also by giving facilities 
for those measures such as reform of the law of libel, 
which by promoting free public discussion make for 
the formation of enlightened public opinion on affairs 
of the day. Nor should it be forgotten that measures 
which promote the efficiency of government have a 
direct effect on productivity and efficiency in other 
spheres, apart altogether from any saving those 
measures themselves directly secure in man-power or 
materials. 


THE POTATO AND SOCIAL 
DEVELOPMENT 


The History and Social Influence of the Potato 
By Redcliffe N. Salaman; with a chapter on In 
dustrial Uses by W. G. Burton. Pp. xxiv+685+32 
plates. (Cambridge: At the University Press, 1949.) 
50s. net. 

HERE is a tendency nowadays to look unfavour- 

ably on any book which has for its subject the 
production and the supply of food. This is perhaps 
not so much because we are all acutely food conscious, 
but rather because we have come to regard food in 
the prosaic light of calorific content. That admirable 
principle, “‘a little of what you fancy does you good”, 
can no longer be applicable in an age of restricted 
choice. Our appetites have had perforce to be modi- 
fied by the limitation of our resources. Necessity has 
become our master and the written word the means 
of persuading us, probably against our better judg- 
ment, that though we may no longer fancy what we 
eat, what, in fact, we do eat may still be good for us 
because it contains so many units of stored-up 
energy. If, therefore, the literature about food reflects 
in some degree the economic background of the period 
in which it is written, we, who live in 1950, may be 
excused if we show a preference for nostalgic memories 
and a certain disinclination to read about foods which 
we are forced to eat in order to sustain our bodies but 
which leave our minds unaffected by their dullness. 

A book about the potato, therefore, might be 
expected to evoke no more than a passing interest in 
a very common article of diet. We are more than 
reasonably certain about the conditions governing 
its cultivation, and accept without question its value 
as a food. It is difficult for the modern mind to realize 
that there was ever a time in our history when the 
food problem had to be faced without potatoes, when 
food scarcity had to be reckoned in terms of corn, 
pulses and green vegetables. The comparison needs 
no further elaboration. The potato has become some- 
thing more than a staple food, and Dr. R. N. Salaman 
has given us a precise and scientific study of it in 
organic relation with our social history. 

Let it be said at once that not all economic and 
social historians will readily accept Dr. Salaman’s 
interpretation of the social influence of his subject. 
Our standard works of reference in economic and 
social history-assume a man-controlled world. They 
deal primarily with the ways and means by which we 
have, through our utilization of the factors of pro- 
duction, built up for ourselves a highly complex 
economic and social system. In this system there is 
a continuous struggle to equate the supply of food 
and raw materials with an insatiable and oftentimes 
a capricious demand. Dr. Salaman has shown us 
that there are valuable conclusions to be drawn from 
a different approach, and that the scientific analysis 
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of an objective investigator can be made to 
light into dark places. 

Dr. Salaman’s interest in the potato began with 
genetics, morphology and pathology. In course of 
time his attention was turned to the study of the 
social and economic reactions on mankind of the 
adoption of this cheap and easily produced food. 
stuff. But “The History and Social Influence of the 
Potato” contains much more than an_ interosting 
treatment of what otherwise might have been a dul! 
subject. It is a work of profound and accurate 
scholarship, the product, over long years, of patient 
and careful search. Side by side with the history of 
the potato, its adoption by man and its spread 
throughout the world, is a study of the influence 
which it has exerted on the social structure of those 
people who‘accepted it as a staple article of dict. ]; 
is an attempt “to study reactions set up between a 
plant which under cultivation is relatively stable and 
the social environment often unstable and variable 
into which it has been introduced’’. 

Against this background of changing economic 
development facts have been set forth about the 
cultivation and the acceptance of the potato. Dr. 
Salaman uses his sources of information with creat 
skill, drawing upon the records of the archzologist, 
revealing the secrets of the archivist, and bringing 
us the latest information available for study. He 
presents us with an objective account of early 
cultivation in South America, of the introduction of 
the potato to Europe, and a reasoned statement 
backed by much evidence of the economic importance 
of the crop as a means of sustenance and income to the 
Scottish and Irish peasant in the eighteenth and the 
nineteenth centuries. The history of the potato 
famine in Ireland in the 1840's is put into perspective ; 
the consequences of that famine are treated without 
bias. Such chapters as “The Potato in the Realm of 
Art” and “The Potato of Shakespeare and the 
Jacobeans”’ add to the evidence, if that were needed, 
of Dr. Salaman’s comprehensive treatment, and serve 
to make the book a mine of information about a host 
of unusual but nevertheless related topics. 

The general reader as well as the specialist may 
derive profit and pleasure from a reading of this 
book. They may turn to its pages without fore 
boding. The potato plays an increasingly important 
part in our daily life, and, whether we are food 
conscious or not, or whether we regard it potentially 
as so many calories, we cannot fail to be indebted to 
Dr. Salaman for his work on its history and its social 
influence. Francis E. Hype 
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DISEASES OF THE TOMATO 


Tomato Diseases 

An Illustrated Guide to their Recognition and Contro! 
By Prof. Robert McKay. Pp. viii+108+43 plates 
(Dublin : At the Sign of The Three Candles, 1949.) 21». 


HIS useful book is intended primarily for growers, 

instructors in horticulture, and as a handy work 
of reference for nurserymen, seedsmen and others 
who have to deal with the various disorders of tomato 
plants. Unlike many treatises on plant diseases, 
which are often confined to troubles caused by 
parasitic organisms, fungi in particular, it is gratifying 
to find that, in this small but comprehensive work, 
maladies due to other agencies actually outnumber 
the former. The author has described twelve fungal, 
two bacterial, seven virus and fifteen non-parasitic 
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diseases, with three due to “‘miscellaneous troubles’’, 
two to damage caused by animals and three due to 
eelwormns. 

The book opens with an interesting introduction to 
the history of the tomato plant and early prejudices 
against the fruit, the relative importance of the 
various diseases to which the plant is subject, and 

ff the environmental and cultural conditions which 
encourage them. With the view of helping the non- 
technical reader the accounts of the fungal diseases 
are preceded by a short description of the nature and 
functions of fungi and their dissemination by various 
kinds of spores. The book is beautifully illustrated 
throughout with photographs on fine paper, showing 
the symptoms of disease, and the author has relied 
nm them to illustrate the text, to the exclusion of line 
jrawings of histological features, fructifications and 
spore-forms. No doubt the latter type of illustrations 
would have been of little interest to the average grower, 
who is concerned mainly with recognizing the diseases 
and with the methods of controlling them; and the 
same applies to the meagre lists of references to 
literature given at the ends of the sections. 

All the diseases are accompanied by the names of 
the causal agents, where known, and symptoms and 
the modes of infection are fully described. Methods 
for the control of the various disorders are particularly 
well treated and are discussed from various angles- 
cultural, fungicidal, general hygiene and the pro- 
duction of resistant varieties. Without the help of 
expensive coloured photographs (with one exception, 
the frontispiece, showing the symptoms of ‘spotted- 
wilt’ disease), which would have enhanced the value 
of the sections on virus and deficiency diseases, the 
author has done the next best thing by means of 
excellent half-tone photographs; and the inclusion 
of coloured plates, however desirable as an aid to 
correct diagnosis, would certainly have placed this 
useful book beyond the reach of many for whom it 
was written. The volume closes with a chapter on 
general observations, emphasis being rightly laid on 
the importance of general hygienic and other pre- 
ventive practices which are often of far greater value 
to the grower than any other and more expensive 
methods devised for the control of disease. 

The book is written by a pathologist of wide 
wademie and practical experience in his field of 
study, and bears the impress of close acquaintance 
with all phases of the diseases described. Though 
intended to assist growers in Ireland to identify the 
maladies of the tomato crop and how to control them, 
this book will appeal to all who are interested in 
diseases of plants in general. 8S. G. JonEs 


CHINESE VIEWS ON BIOLOGICAL 
SUBJECTS 


Green Thraldom 

Essays of a Chinese Biologist. By Prof. Tang Pei- 
Sung. Pp. 128. (London: George Allen and 
Unwin, Ltd., 1949.) 12s. €d. net. 


R. J. NEEDHAM, has put us once more under 
obligation to him by introducing to us this 
delightful volume of essays by Dr. Tang Pei-Sung, 
one of China’s best biologists, less well known in Great 
Britain, however, than he should be. The essays 
deal with a wide range of subjects; but they practic- 
ally all invoke some problem of nutrition and energy 
supply. Their interest lies not so much in the fact 
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that they are so different from what the average 
British biologist would have written on the same 
subjects, but in the conditions in which the under- 
lying work was done; during the War and, as Dr. 
Needham says, “in a series of mud brick huts in the 
remote village of Tapuchi. . . . Dr. Tang surrounded 
himself with an enthusiastic group of young scientific 
workers. Collecting equipment in the face of colossal 
difficulties, they attacked many biochemical and 
biological problems, mostly chosen for their bearing 
on Chinese nutrition, agriculture and industry.” 

The first essay, ““Green Thraldom’’, traces man’s 
gradual liberation from dependence on agriculture for 
food and many raw materials, including silk, so 
important in Chinese economy, to the present-day 
position when fibres, plastics, vitamins and many 
other essential substances are prepared synthetically ; 
and it looks forward to the time when photosynthesis 
will be so well understood that it can be operated in 
factories on the large scale far more efficiently than 
Nature does it. Man will then be “freed from the 
gruelling labours of the field, and the cruel uncer- 
tainties of the elements’’. 

This theme comes up again in the interesting essay 
on silkworms: “the weavers of China’s golden 
thread’’. The world’s production of silk in 1935 was 
forty million kilograms; it required two million 
acres of land for the cultivation of the mulberry 
trees and 680 million man-days of labour. A single 
chemical plant, however, employing a few hundred 
men, could in the same space of twelve months turn 
out the same quantity of artificial nylon. 

The essay on the feeding of China is of special 
interest because so little information on this subject 
is available outside that country. The author states 
that the population of China is 450 millions. He 
does not say what he means by China; but this is 
the estimate given by the Chinese Ministry of the 
Interior for the 1935 population of the old kingdom 
of China which included Outer China, Manchuria and 
Mongolia. These are now separated from China and 
appear to be in the process of absorption by, another 
Power: the residue, China proper, which is all that 
remains to-day, has a population estimated by the 
United Nations Food and Agriculture Organisation 
as 400 millions before the War and 404 millions in 
1947-48. Assuming the author refers to Old China, 
his figure is not too widely different. But there is 
great discrepancy in the dietéries given by the author 
and by the Food and Agriculture Organisation : Dr. 
Tang estimates that the da‘iy calorie intake is 2,920, 
that 10 per cent of the calories comes from fat and 
the daily intake of protein is 98 gm. ; the correspond- 
ing figures by the Food and Agriculture Organisation 
are 2,226 calories per day in 1931-37 and 2,115 in 
1947-48, 17 per cent of calories come from fat, and 
70-8 and 65-7 gm. of protein per day in 1931-37 and 
1947-48 respectively. Both sets of figures have a 
look of completeness which those concerned in their 
preparation would probably disown, and the student 
of Chinese economy will probably regard thern both 
as another instance of the waywardness of Chinese 
statistics. 

But it would be churlish to lay stress on differences 
of this kind. Dr. Tang has given us a most interesting 
set of essays, and we can only hope that China may 
be able to retain sufficient independence to avoid 
having to set up an ‘iron curtain’ that would cut us 
off from any hope of learning more of what Chinese 
men of science are thinking to-day. 

E. Joun RvussELL 
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VELOCITY OF LIGHT AND OF RADIO WAVES 


April 15, 1950 y 


By Dr. L. ESSEN 


Electricity Division, National Physical Laboratory 


bi reviews of the values of the physical constants 
which have been published during the past few 
years, the velocity of light has received special 
attention. The experimental results have been 
analysed and weighted, and statistical best values 
obtained. The value given by Birge' is 299,776 

4 km./sec., which has been supported by more recent 
reviewers**, and is still generally accepted. It may 
therefore be of interest to give a brief account of 
some recent determinations which appear to re-open 
the whole question of the true value of this important 
constant. 

The main interest in the subject during recent 
years has arisen from problems in radio engineering. 
Here for the first time the value is wanted for a 
practical application, that of radar navigational aids. 
It was predicted by Maxwell’s electromagnetic theory, 
and confirmed by experiment with the limited 
accuracy then attainable, that radio waves travel in 
free space with the velocity of light. The actual 
velocity is affected by the refractive index of the 
medium, and also by the ground in the case of long 
waves':'; but these effects can sometimes be ignored 
or accurately assessed, and uncertainties in the free- 
space velocity may then limit the precision with 
which the actual velocity in a given experiment is 
known. In short-wave radar, for example, the 
ground-effect can be neglected. Distance is determ- 
ined from the time of transit of the radio signal and 
the velocity, corrected only for refractive index. 

The optical free-space value was at first accepted 
without serious question, and computors built for 
radar systems were based on this value. During the 
past few years, careful measurements have been made 
with the Oboe system in Britain and the Shoran 
system in the United States to check their ultimate 
accuracy and to study their possible application to 
geodetic surveys. The distances measured by radar 
were compared with the values obtained by normal 
triangulation methods, and systematic discrepancies 
have been observed consistent with a higher free- 
space value. In the British experiments*:’:*, the 
discrepancies would not be completely removed by 
assuming a higher velocity, and the results are 
presented simply as the measured velocities of radio 
waves under different conditions. But the American 
results®’®"! have been examined in great detail and, 
in view of the additional published evidence discussed 
later, have been tentatively presented as a measure- 
ment of the free-space velocity of electromagnetic 
waves. The first results showed large random devia- 
tions. and many technical improvements not used in 
other radar measurements were incorporated before 
the necessary consistency was achieved. These 
include the psychrometric observations by a weather 
reconnaissance aeroplane along the path of the beam 
to provide a reliable correction for refractive index ; 
and & correction amounting in some cases to 1 part 
in 10* for the fluctuations in the intensity of the 


signal. Very consistent results were finally obtained, 
and the value given is 299,792 2-4 km./sec. 


Additional evidence from radar measurements is also 
said to have been obtained in Italy'*. Discrepancies 
between distances measured by triangulation and 
radar are reduced in the ratio 9/1 if the optical value 





is replaced by that of Essen and Gordon-Sm 
now to be discussed. 
The value given by Essen and Gordon-Smit!i was 


}) 18,14 


obtained from a study of radio waves in a hollow 
metal cylinder. It is well known that short radio 
waves travel along a metal pipe or wave-guide of 


convenient size with very little attenuation; and 
that a closed length of wave-guide constituies an 
electrical resonator possessing extremely low damp. 
ing. The waves in the guide do not travel with the 
free-space velocity, but the boundaries are precisely 
defined by the walls, enabling the phase velocity and 
the resonant frequencies to be calculated from 
electromagnetic theory. If the resonant frequency 
and the dimensions of the resonator are measured, 
the free-space velocity can be deduced. Routine 
measurements! during the Second World War on 
commercial wave-meters consisting of such resonators 
gave a value accurate to 1 part in 10*, and it was 
decided to pursue this method with a specially con. 
structed resonator. The value obtained was 299,792 
km./sec., with an estimated maximum error of 
+ 9 km./sec. 

Work on these lines has been continued at the 
National Physical Labecratory with the object of 
reducing the limits of error. With the new equipment 
the repetition accuracy of the complete measurement 
is 2 parts in 10*; but although the previous value has 
been confirmed and the limits reduced, the higher 
precision has revealed small systematic differences 
between the results obtained for different modes of 
resonance. They are probably connected with the 
mechanical and electrical imperfections of the 
resonator; and until they have been completely 
resolved, they limit the accuracy of this method of 
measurement. These resonator measurements have 
all been made in vacuo to eliminate the effect of the 
refractive index of the air. 

The method differs markedly from the optical, and 
to some extent also from the radar methods, in that 
the precision of observation is high and the limit is 
set by other factors such as surface tarnish on the 
walls of the resonator which may be capable of 
theoretical or experimental treatment. The observ- 
ations in the classical optical methods, on the other 
hand, are widely scattered even when large groups 
of measurements are averaged. Under such con- 
ditions a systematic error could easily remain hidden, 
and we felt justified in claiming a higher accuracy 
for a single resonator determination than was claimed 
for the statistical mean of some three thousand 
optical observations. 

We thus have two values for radio waves, in close 
agreement, and 16 km./sec. larger than the accepted 
optical value. The significance of this discrepancy 
might have given rise to some speculation; but 
fortunately further optical determinations have now 
been described by Bergstrand’*:!7,1* in Sweden, and 
his value gives support to the larger value obtained 
by the radio measurements. The method is a 
development of that used by Anderson’® in 1941. 
In Anderson’s experiments a beam of light is modu- 
lated in intensity by means of a Kerr celi. It is 
divided into two paths: a long one which is 
effectively the distance over which the measurement 
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is being made, and a short one which can be changed 
n length by the movement of a mirror. On their 
return the two beams are combined again in a photo 
tube which gives a voltage determined by the 
ntensity and relative phases of the received signals. 
fhe voltage is & maximum when the beams are in 
phase and & minimum when one beam is an odd 
qumber of half-cycles behind the other. The mirror 
¢set to give & minimum, and the velocity is com- 
uted from the simple relationship, 
c 2 f s/n, 

yhere » is the number of half-cycles of phase differ- 
ence, * is the optical path-difference between the two 
beams and f is the frequency of modulation. Anderson 
onsiders that the main limitation in accuracy is 
connected with the photo-tube detector. The two 
beams are effectively combined and detected not 


when the light reaches the photo-electric surface of 


the cell, but when the electrons emitted from this 
surface reach the anode. If the paths of the two 
beams within the cell do not exactly coincide, the 
transit times of the electrons from the cathode to 
the anode will be different for the two beams. In 
spite of most careful adjustments, it was found 
extremely difficult to keep the two beams coincident 
snd thus eliminate the error. 


Date of 
*ublication 


Speed in vacuo 


Observer Method (km./sec.) 


1935 Michelson, Pease Rotating mirror 299,774 + 11 
and Pearson in vacuo 
1937 Anderson Kerr cell and 209,771 + 14 
photo tube 
1940 Hiittel 299,768 + 10 
1941 Anderson ie " 299,776 + 14 
1948 Essen and Cavity resonator 299,792 + 9 
Gordon-Smith in vacus 
1949 Bergstrand Kerr cell and 299,796 + 2 
photo tube (corr. to 
299,793 + 2in 
1950 **) 
1949 Aslakson Radar (Shoran) 299,792 + 2-4 
1950 Bergstrand Kerr cell and 299,792°7+0°25 
photo tube 
Not yet Essen Cavity resonator 299,792-5 + 3 
published ) in vacuo 


Bergstrand has overcome this difficulty of securing 
coincidence by using a single beam instead of two, 
and obtaining the maxima and minima of the detector 
response with variation of distance along the beam, 
by modulating the voltage on the detector in syn- 
hronism with the light source. In addition, by 
periodically reversing the phase of the beam modu- 
ation relative to that of the detector, the period 
0-01 sec.) being long compared with that of the 
modulation, but short compared with the response- 
time of the indicating instrument of the detector, 
the observed response can be made to vary sym- 
metrically about zero, and thus it becomes possible 
to base the measurements on the relatively sharp 
zero readings instead of rather broad maxima and 
minima. 

Measurements were made over path-lengths of 
approximately 5 km. and 10 km., and the overall 
error at 10 km. was estimated as 5 em. The cor- 
rection applied for the refractive index of air is 
known with greater accuracy than in the case of the 
ralar measurements, because the values for dry air 
at different wave-lengths have been determined with 
great precision at the national standardizing labor- 
atories and the correction for humidity is very small 
in the optical region. The equipment was designed 
as a tool for use in geodetic survey work. 

The results for the various determinations made 
since 1930 are given in the accompanying table. 
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It should be pointed out that the limits given in 
the table do not always represent the same thing. 
In general, they are average deviations from a mean ; 
but in the results of Essen and Gordon-Smith they 
are estimated maximum possible errors. The self- 
consistency of the later measurements and the low 
limits of error suggest that they should be given 
rather more weight than the previous measurements 
in any re-assessment of the best probable value. 

Incidentally, these results establish with a far 
higher accuracy than attained before the equality of 
the velocities of light and radio waves. 

The work described above has been carried out as 
part of the research programme of the National 
Physica! Laboratory, and this communication is pub- 
lished by permission of the Director of the Laboratory. 
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RECENT RESEARCH ON COAL* 
By Sim CHARLES ELLIS, F.R.S. 


Scientific Member of the National Coal Board 


HILE coal is the basis of British industry, few 

people recognize the great variety of substances 
included under this one word. The different coals 
marketed by the National Coal Board, now analysed 
and catalogued, reach the formidable total of more 
than eight thousand varieties. The broad division of 
coals into anthracites, dry steams, coking coals, gas 
coals and non-caking high-volatile coals is familiar 
to many industrialists; but there is no generally 
accepted explanation of the relations of these coals 
one to another, or indeed of the underlying reason 
why they can be put in an order. 

A structure for coal has been sought for many 
years, and names like Bone, Wheeler, Haldane and 
Sinnatt will always be associated with these pioneer 
efforts. The achievement of this work was to define 
the problem, to make it obvious that there is a 
structure to the coal substance which can be found 
out by experiment, and above all to emphasize 
that this is something worth finding out. The 
best proof of the vision of these early workers is 
that even to-day they are ahead of the times ; many 
people still regard scientific research on coal to con- 
sist only of how to mine it and how to burn it, 
and class attempts at finding a structure to coal as 
an amusement, possibly intellectual, but of little 
practical value. The history of the past fifty years 
provides convincing proof that fundamental research 


* Synopsis of the John Rankin Lecture at the University of Liver- 
pool, delivered on March 1 
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opens new avenues of technical advance, and it is in 
this faith that the National Coal Board is joining in 
this long struggle to gain a rational understanding of 
the wide varieties of the substance it handles. 

It had long been recognized that the heterogeneous 
nature of coal was in part due to segregation of plant 
entities: thus vitrain was derived from wood and 
bark while the spores, cuticles and vegetable debris 
which gradually accumulated in the ooze of marsh- 
lands went to form durain. The nature of these pro- 
cesses suggests that intermediate variants would 
occur, and therefore that coal, on closer examination, 
would prove to have a complicated and widely 
variable nature. Petrological examination of coals 
bears this out, and at quite low magnifications of some 
fifty diameters the appearance of coal is chiefly 
noteworthy for its lack of homogeneity and for a 
random mixture of components themselves variable 
in extent and constitution. However, if we turn to 
the physical and chemical data, there are signs of 
order. If the hydrogen content, or the amount of 
volatile matter, is plotted against carbon content, 
the points for all known coals are not scattered 
randomly, but, instead, fall within a well-defined 
band. This coal band appears in the correlation of 
almost any two properties of coal. 

The search for a structure of the coal substance 
does not therefore appear hopeless; but it is clear 
that at least two, if not more, parameters are required 
to define a coal. A great many different types of 
measurement can be made on any one coal. Quan- 
tities such as specific heat, density, calorific value, 
caking power, swelling power, volatile matter content 
and many others are all open to investigation. The 
important thing is to concentrate on those properties 
which seem likely to define fundamental character- 
istics of the substance. The hope is that, with three 
or at most four such parameters, it will be possible to 
index and catalogue our knowledge and so classify 
coals on a basis that is both scientific and useful. 

The most immediately interesting point is that 
coal is not the homogeneous solid it appears, but is 
porous, like a sponge. While the inner capillaries are 
very small, so that some large molecules cannot even 
penetrate them, they are nevertheless fully accessible 
to something as small as helium atoms. The true den- 
sity measured in helium is therefore noticeably greater 
than the apparent density of the coal as a lump. An- 
other way of measuring this important physical 
characteristic of coals is by means of the heat of 
adsorption of a substance such as methanol. This de- 
termines the total internal surface, as opposed to the 
total internal volume found by the density measure- 
ment. This porous structure is believed to arise by the 
aggregation of polymers or micelles. These bodies are 
the essential coal substance, and they are held to each 
other by cohesive forces of the van der Waals type. 
These polymers are only in contact at certain points, 
and the interstices between them form the pores. Dr. 
D. H. Bangham, who has been responsible for so 
much of the work that has established the porous 
structure of coal, has estimated that if the polymers 
were spheres they would have to be some hundred 
angstroms in diameter to account for the internal 
volume and internal surface that is observed. 

However, direct evidence of the existence of these 
aggregations of molecules can be obtained by 
observing the scattering of X-rays. Both D. P. 
Riley and H. Brusset have studied this scattering at 
small angles and conclude that the dimensions are 
about fifty angstroms. Prof. H. L. Riley has used a 
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rather different method, and from the broaden ing*of 
the normal X-ray diffraction lines has deduced q 
minimum size for the diffracting crystallite civing 
rise to these lines. Both these experiments are 
difficult, and, while there is indubitable evidence of 
the existence of these groups of molecules, it is too 
early to quote definite dimensions. Prof. H. L. BR iley’s 
values suggest molecular weights of from 4,000 to 
perhaps two or three times this value, whereas the 
low-angle scattering results tend to support higher 
values. 

It is most important that independent confirmation 
has been obtained from quite different experiments. 
A. N. Roy and H. C. Howard have broken down the 
coal substance by mild hydrogenation and fraction. 
ated the non-volatile product by solvent methods, 
The molecular weights of these fractions, determined 
by their effect on the boiling points of solvents, 
were found to vary between 2,000 and 400. Inter 
esting confirmation of this range of weights is found 
by studying the pyridine extracts of coal. X-ray 
measurements show crystallites in the extract of the 
same order of magnitude as in the original coal, 
whereas experiments of Prof. W. F. K. Wynne-Jones, 
using @ most ingenious micro-method, detect mole. 
cular weights as low as 600. The combination of 
these different researches puts beyond any reasonable 
doubt that the structural element in coal is a polymer 
arranged in a sponge-like structure. It is probable 
that the polymers vary in size even in a reasonably 
homogeneous coal, and both the mean size and the 
arrangement differ in different coals. 

An important property of coal is its plasticity, 
which can be detected even at ordinary temperatures ; 
as the temperature rises, the coal becomes plastic in 
the ordinary sense and may be compared to soft 
dough. Another effect that occurs with rising temper- 
ature is the chemical decomposition of the polymers. 
This appears to take the form of a separation to 
smaller groupings of somewhat the same nature as that 
which occurs on solution in pyridine. N. Berkowitz 
has pointed out that this breakdown of the polymer 
with evolution of gases from the plastic materia! can 
offer an explanation of the coking power of coals. 
As the temperature is raised, the polymers begin to 
soften, break down and evolve gas. The possibility 
of this gas escaping depends markedly on the size of 
the inner pores. An inner pressure will be developed 
which is dependent on the amount of gas that has to 
come off and the resistance to escape through the 
pores. This pressure acts on the agglomeration of 
polymers just at the moment when they themselves 
are in @ plastic condition, and the strength of the 
coke is dependent to a marked degree on the extent 
to which the polymers are pushed together by the gas 
pressure. Welsh dry steam coal, with little volatile 
material and rather open pore structure, does not 
coke because there is too little volatile material to 
give the pressure. On the other hand, the high 
volatile coals from the Midlands do not coke 
because, while there is ample volatile material, the 
pore structure is too open to hold in the gases for 
them to generate pressure. The best coking coals do, 
in fact, occur just where there is a minimum internal 
surface, that is, where the pore-structure source is 
the most restricted. 

Mineral matter is a most important constituent of 
coal. In the vitrains the ash is primarily that of the 
plant substance, while in the durains which originated 
from marshy debris it is of a more clay-like nature. 
The hypothesis of polymers arranged in a sponge 
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structure suggests some interesting queries as to the 
mode of occurrence of this mineral matter. Some of 
be an inherent constituent of the polymer, 


it mig : 
and this is indeed probably the case for some of the 
rarer mineral atoms. On the other hand, it might be 


disposed either on the surface of the polymers or in 
the interstices. The importance of the possible 
catalytic action of the mineral matter in pyrolysis 
is obvious and should be studied. 

It should also be possible to assess the part played 
by mineral matter in the constitution of coal by 
suitable experiments on the original coal and its 
extracts in solvents. 

We can therefore build up a picture of the coal 
substance that is correct on broad lines. TI is picture 
provides a basis for and gives direction to further 
research. We need a rational plan for ordering the 
mass of knowledge that already exists about coals. 
The hypothesis is here put forward that a coal can be 
jescribed in terms of four types of data: inner pore 
structure, size of the polymers, chemical composition 
of the polymers, and type and location of the mineral 
matter. Each of these types of data can be investi- 
gated independently of the others and by experiments 
which can be objectively interpreted. These quantities 
can be measured for any coal, and it may be that a 
knowledge of them is necessary and sufficient to de- 
termine all the properties of the coal. What is now 
required is to measure these properties for a represent- 
ative range of coals and to find out by experiment the 
extent to which this system of classification does 
der our knowledge in a simple way. We need a 
plan by which the efforts of many different groups 
can be co-ordinated and their results combined and 


assessed. 


MORPHOLOGY AND FINE 
STRUCTURE OF ORGANISMS 


DISCUSSION on “Morphology and Fine Struc- 
ture’ was held at the Linnean Society on 
February 23, 1950. 

In introducing the discussion, Dr. C. F. A. Pantin 
spoke about those similarities of structure in organ- 
isms that are caused not by community of descent, 
but by the use of particular chemical substances as 
constructional units, witk a resulting necessary 
resemblance in form. He traced briefly the growth 
of ideas about the causes of structural resemblances. 
At first, a system of classification appeared as the 
expression of an underlying plan or divine idea. 
This appearance was to a large extent replaced by 
evolutionary doctrines: classification and homology 
began to be explained in terms of common descent. 
Physiologists, however, tended to regard the ‘lower’ 
animals not as representatives of separate stocks, 
but almost as stages in the evolution of man. They 
examined the functioning of parts of these lower 
animals in the belief that light would thus be thrown 
on human physiology, despite the absence of what a 
zoologist would regard as homology. It is, indeed, 
very strange that the relation between learning and 
the structure of the nervous system in cephalopods 
ean throw any light on the corresponding relation in 
man, since the two stocks are completely separate in 
evolution ; yet the fact is that the one relation does 
help to clarify the other. Similarly there are bio- 
chemical parallels between the metabolic processes 
of unrelated forms. These resemblances cannot be 
examples of homology, as that word was ordinarily 
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understood when the doctrine of evolution was 
established. 

On the old evolutionary view, organisms were like 
putty, to be moulded in any way whatever by the 
natural selection of small random variations. Dr. 
Pantin remarked that the materials of which organ- 
isms are, in fact, built are not so much comparable to 
putty as to the standard parts of a child’s con- 
structional set, each with the limitations imposed by 
its own structure. The number of kinds of more 
complex forms that can emerge is limited. When 
similar complex forms emerge in unrelated organ- 
isms, parallelisms appear that do not fall into the 
category of ordinary homology. 

When the biologist arranges organisms in a 
classificatory system, he may be using structural 
characters of two distinct kinds: those that are due 
to inheritance from a common ancestor, and those 
that are controlled by the possibilities latent in the 
chemical and physical properties of the materials 
used. A study of fine structure and of the laws that 
govern chemical morphology are interesting to both 
physiologist and systematist. 

Dr. John R. Baker said that the subject of his 
remarks lay only on the fringe of fine structure, as 
he was concerned with the realm that lay near the 
limit of visibility with the light-microscope. He 
sketched briefly the history of the invention of the 
process of microtomy, and showed how the enormous 
success of this technique in the fields of micro- 
anatomy and chromosome-cytology gave rise to a 
belief in its general reliability. This belief was 
accompanied by a tacit understanding that dis- 
coveries in cellular morphology could not be made 
while the cell was still alive. Dr. Baker said that 
this idea had always been wrong, but that phase- 
contrast microscopy had now made the morpho- 
logical study of the living cell particularly easy. He 
stressed the serious damage done by fixatives to 
certain parts of the cell, and doubted whether the 
degree of shrinkage involved in the routine tech- 
niques of microtomy was generally appreciated. 

Dr. Baker related the history of Golgi’s work on 
the bodies that bear his name, and told how sub- 
sequent workers had striven to reproduce his network 
by inventing techniques adapted to that end. The 
first to break away from the use of these methods 
and make a comprehensive study of the Golgi zone 
of the living cell was Parat, who disclosed the 
presence of spherical ‘vacuoles’. Those who had 
been studying the Golgi bodies at Oxford had fol- 
lowed Parat in basing their conclusions ori what 
could be seen in the living cell. Their object had 
been to define the form of the bodies in this region 
and to determine their chemical composition by 
rigorous histochemical tests. They had concluded 
that the bodies were separate lipoid spheres or 
spheroids, and the presence of phospholipine in them 
had been proved in certain cases. Their conclusions 
had been supported by the recent work of Palade 
and Claude, who had watched the growth of these 
spheres into interlacing myelin forms under the 
influence of the routine Golgi fixatives. Palade and 
Claude, however, had made the mistake of denying 
the connexion between the Golgi bodies and the 
processes of cellular secretion. 

Dr. Baker suggested that it was undesirable to 
continue to apply the name of the great Italian 
neurologist to an artefact. He proposed the name 
“lipochondria” for the lipoid spheres or spheroids. 
The name was useful for its contrast with mito- 
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chondria. The latter differ from lipochondria in their 
tendency to appear as rods or threads, in their 
uniform diameter in any one cell, and in their high 
content of ribonucleoprotein. 

Lipochondria had been described and figured in 
the nerve-cells of vertebrates by Valentin in 1836. 

Dr. L. E. R. Picken began by defining the expres- 
sion “fine structure’, which had first been used with 
& particular meaning in the English language by 
himself, to describe the realm of organisation that 
lies between molecules on one hand and what is 
visible with the light-microscope on the other. He 
took the term to cover the same range of objects as 
sub-microscopic morphology, and he _ therefore 
objected to its use by Dr. Baker to include what 
ean be seen by ordinary microscopy. 

About fifteen years ago an important change in 
outlook had occurred in biology. At that time it 
began to be generally recognized that the constituent 
sub-microscopie particles of organisms are not 
arranged at random—that biological objects have an 
oriented fine structure. When these objects were 
regarded as amorphous, they were necessarily con- 
sidered as fundamentally different from crystals, and 
thus there seemed to be a lack of contact between 
the living and non-living worlds. If we consider the 
component parts of cells, we find that the same forces 
are at work in animate as in inanimate Nature: the 
growth of a protein chain partakes of the nature of 
crystal growth. 

Dr. Picken discussed the relation between fine 
structure and visible morphological change. The 
chain-molecules of cell-walls are often oriented in 
relation to the axes of symmetry of the cell. When 
does orientation start, in the transformation of a 
spherical cell into an object of a particular shape ? 
Does the cell assume its shape first and the molecules 
become oriented later; or does the orientation 
precede and perhaps control the assumption of the 
final shape ? Dr. Picken described his own studies 
of the morphology and fine structure of the scales of 
certain Lepidoptera. These originate as tubular 
outgrowths of cells; later they take on various 
shapes, some becoming hair-like, others paddle- 
shaped, others! flattened into the conventional form 
of a scale, sometimes with patterned ridges. The 
tubular outgrowths—so he finds—are birefringent 
throughout from the start: it is not the case that 
an oriented fine structure is imprinted upon an out- 
growth that was submicroscopically amorphous when 
it was first formed. In curiously shaped cells the 
fine structure is related to the visible pattern. Dr. 
Picken regarded changes of shape in growth, in the 
eases he had studied, as the result rather than the 
cause of the orientation of the constituent particles. 
The origin of the orientation itself is not yet explained, 
but the cell seems to be constrained by the properties of 
the available molecules to take on a particular form. 

Mr. J. R. G. Bradfield’s address was concerned 
with what he called the “chemical geography” of 
cells and tissues. He said that he would extend Dr. 
Picken’s definition of fine structure at both ends of 
the scale. He began by considering the visible 
organisation of the nucleus. He remarked on evi- 
dences of the passage of nucleolar material into the 
cytoplasm, and on the irregular shapes of nuclei in 
spinning glands and the nurse-cells of insect ovaries : 
these shapes are characteristic of the nuclei of cells 
that are synthesizing proteins particularly rapidly. 
Examples of this kind showed a simple relation 
between cellular chemistry and morphology, but it 
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was not to be supposed that any simple r 


ation 


would be found between the genes on the chromo. 
somes and the products of their activity. 

Turning to the mechanical separation of ce/lular 
constituents, Mr. Bradfield considered it probable 
that the small particles or microsomes obtainod by 
differential centrifuging are to be regarded as sites 
of protein-synthesis. They are richer in ribonucleic 
acid than any other cytoplasmic constituent. They 


are more abundant in the cells of tumours than jn 


normal cells. The larger microsomes contain a |\igher 
proportion of protein than the smaller, as though 
they synthesized protein in growing. Microsomes 
show only slight enzyme activity. Mr. Bradfield 


considered that there is strong evidence that the 
“large particles” obtained by centrifuging are mito. 


chondria. These are constituents containing the 
greater part of the cell’s enzyme-mechanism necessary 
for obtaining energy from sugars and lipoids. ‘That 


the microsomes and mitochondria represent difierent 
categories of cytoplasmic inclusions, despite their 
resemblances in chemical composition (lipoid and 
ribonucleoprotein content), is suggested by the fact 
that radioactive phosphorus introduced into an animal 
is found in different proportions in the particles of 
different size thrown down by the centrifuge. 

Mr. Bradfield dealt lastly with the chemistry of 
the fibres of connective tissue. He pointed out that 
it is advantageous to an embryo that these fibres 
should show plasticity, while in adults mechanical 
strength is the requirement. In correspondence with 
these needs one finds reticulin in embryonic and 
collagen in adult connective tissue. The same 
sequence occurs in tissue-cultures of connective 
tissue cells : the first-formed fibres show the reactions 
of reticulin, the later-formed ones those of collagen. 
Mr. Bradfield suggested that the muco-polysaccharide 
component of reticulin might provide the necessary 
chemical structure for the plasticity of the embryonic 
fibres. 

In the discussion that followed the set addresses, 
Dr. Geoffrey Bourne emphasized the variety of 
structure that had been attributed by different 
observers to the Golgi bodies. He mentioned his own 
work on the disintegration of cells by shaking. In 
these studies he had never found anything resembling 
the classical Golgi network and he had come rather 
reluctantly to the conclusion that such a net does not 
exist in life. Dr. Helen Brown gave an account of 
the various kinds of cross-linkages that bind poly- 
peptide chains together during the hardening of 
proteins into skeletal structures. She referred par- 
ticularly to the widespread use of quinone-bonding 
for this purpose in invertebrates. The method is 
found to exist also in the egg-cases of selachians. 
Dr. M. G. M. Pryor remarked that a particular 
arrangement of collagen fibres that is found in certain 
animals and provides maximal torsional stiffness is 
found also in the fibres of the plywood of the Mosquito 
aircraft ; but the evident functional suitability of 
the arrangement provides no explanation of the 
mechanism by which the collagen fibres were oriented 
in dévelopment. He thought no causal explanation 
was yet possi!le of the orientation in fine structure 
shown by the scales of the Lepidoptera studied by 
Dr. Picken. 

In his concluding remarks Dr. Pantin envisaged 
the develo; ment of a new science of fine structure— 
a new kind of morphology in which the rules would 
be found to differ from those in the old. 

Joun R. BAKER 
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OBITUARIES 


Sir Norman Haworth, F.R.S. 
By the sudden and unexpected death of Sir 
Norman Haworth on March 18 at the age of sixty- 


six, the world has lost one of its most distinguished 
rganic chemists. Walter Norman Haworth was born 


at White Coppice, near Chorley, in 1883. His early 
schooling was at Chorley and Preston, and after a 
period in business he proceeded to Owens College, 
Manchester, for which University he maintained 
throughout his life a deep respect and affection. A 
brilliant member of a brilliant group of students, he 
then went to Géttingen, where he obtained his 
joctorate. 

Haworth’s first teaching post was at the Imperial 
College, South Kensington, where he undertook 
investigations in the terpene group. In 1912 he 
moved to the University of St. Andrews, which was 
eading the world in the development of modern 
arbohydrate chemistry, and there he became inter- 
ested in the problems which were to become his 
ife-work. After interruption during the First World 
War, when he took a prominent part in the war-time 
activities of the St. Andrews laboratories, academic 
studies were resumed, and in 1920 he was offered the 
chair of chemistry at Armstrong College, Newcastle 
spon Tyne, in the University of Durham. It was 
luring this period (1922) that he married Violet 
Chilton, second daughter of the late Sir James Dobbie, 
und he is survived by her and by two sons. 

In 1925 Haworth became Mason professor of 
chemistry and director of the Chemistry Department 
n the University of Birmingham, holding these 
fices until his retirement in 1948. During this long 
period a constant and rapid flow of papers on the 
hemistry of the sugars emanated from his labor- 
stories. Throughout, the work was directed, with the 
sure touch of a master, to the solution of highly 
important but often extremely difficult problems. 
These included the determination of the ring struc- 
tures of the stable and unstable forms of mono- 
swecharide derivatives, the names ‘pyranose’ and 
furanose’ by which they are now universally known 
being assigned to them by Haworth. This work paved 
the way for the determination of the structures 
f the di- and tri-saecharides, notably cellobiose, 
utose, maltose and sucrose, by the application 
f ingenious, but rigidly controlled, experimental 
methods 
As this fundamental knowledge grew in volume it 
became possible to explore for the first time, by 
hemical methods, the structure of the complex 
polysaccharides, and an ever-increasing proportion of 
the publications of Haworth and his collaborators 
became devoted to this group. Among many out- 
standing achievements may be mentioned the work 
on the chain structure of cellulose and the end-group 

method for the determination of the size of repeating 
units; the work on amylose and amylopectin and 
m the aetion of ¢he P- and Q-enzyme systems in the 
synthesis of starch from glucose 1-phosphate. From 
his laboratory there came also much pioneer work on 
the nature of the biologically important bacterial 
polysaccharides. Besides all this, the Birmingham 
school was responsible for the structural determin- 
ation and synthesis of vitamin C; it provided the 
first unequivocal proof of the structure of glucosamine 
and published many papers on sugar carbonates, 
acetone compounds, anhydro sugars and on other 
subjects too numerous to detail. 


NATURE 








587 


In addition to research, Haworth was active in 
teaching and administration. He excelled as a 
lecturer both to graduate and whdergraduate 
audiences, and in the administration of his depart- 
ment his methods were efficient and businesslike. 
He rendered valuable service to the University of 
Birmingham as dean of the Faculty of Science during 
three critical and difficult war years, and as vice- 
principal (1947-48). He served with distinction on 
many boards and committees, both in peace-time and 
during the War, when he was prominently associated 
with the chemical side of research into atomic energy. 

Many honours came to Haworth in recognition of 
his contributions to science. In 1928 he was elected 
to the fellowship of the Royal Society, of which he 
was vice-president in 1948. In 1937 he was awarded 
the Nobel Prize for Chemistry, being the first British 
organic chemist to receive it. He was president of 
the Chemical Society (1944-46). He received his 
knighthood in 1947, and among many other dis- 
tinctions may be mentioned the Longstaff Medal of 
the Chemical Society (1933), the Davy (1934) and 
the Royal (1942) Medals of the Royal Society, many 
honorary degrees (D.Sc., Belfast, Zurich and Oslo ; 
Se.D., Cambridge ; LL.D., Manchester) and honorary 
membership of many foreign academies (Haarlem, 
Brussels, Munich, Vienna, Finland, Dublin, and the 
Swiss Chemical Society). 

His interests were wide and he had friends in all 
parts of the world. By them and by his students 
and colleagues he will be remembered with pride, 
respect and . affection. Haworth’s outstanding 
characteristic, a gift given to very few men, was a 
capacity for inspired leadership which invoked in his 
colleagues and research workers @ passionate enthu- 
siasm for the tasks, no matter how difficult, that lay 
before them. Al! who knew him valued his wise 
counsel and understanding, the uncompromising 
straightforwardness of his dealings, his unvarying 
kindness, and his thoughtfulness for others. 


E. L. Hrrsr 


Dr. Robert Gurney 


ALTHOUGH he was best known to zoologists for his 
important work on certain groups of Crustacea, 
Robert Gurney, who died at Oxford on March 5, was, 
in fact, a field naturalist of the good old school who 
combined a love for the wild things of the country- 
side with a scholarly appreciation of many different 
aspects of biology. 

Gurney was born in 1880, the fourth son of John 
Gurney, of Sprowston Hall, Norfolk. He was educated 
at Eton and was a scholar of New College, Oxford, 
where he graduated with first-class honours in zoology 
in 1902 and was awarded the D.Sc. in 1927. Most of 
his scientific work was done at home, at first in 
Norfolk and afterwards in Oxford, and his modest 
and retiring nature perhaps delayed recognition of 
its importance. As a Norfolk man, it was natural 
that his attention was early turned to the problems 
of fresh- and brackish-water biology as presented in 
the Broads, and, with his elder brother Eustace, he 
established at Sutton Broad, some fifty years ago, 
the first freshwater station in Great Britain. Many 
years later he took an active part in founding the 
Freshwater Biological Association with its laboratory 
at Lake Windermere. 

The bulk of Gurney’s scientific work had to do with 
two groups of Crustacea, the freshwater Copepoda 
and the marine Decapoda, with special reference to 
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the larval development of the latter. On the Copepoda 
he wrote many papers dealing not only with the 
British species but also with collections sent to him 
from many other parts of the world. His most 
important publication on the group was his “British 
Fresh-water Copepoda”, issued by the Ray Society 
in. three volumes (1931-33). In this monograph, 
abundantly illustrated by his own drawings, he not 
only described in detail all the British species, with 
their larval stages where these were known, but also 
discussed their morphology, classification, distribu- 
tion and ecology. This work will not soon be super- 
seded as the chief authority on the British species, 
and may be recommended to young systematists as 
a model of what such a monograph should be. 

Gurney’s researches on the larval development of 
decapod Crustacea began at the Plymouth laboratory 
of the Marine Biological Association, of which he was 
a founder member, but were later extended to other 
and distant seas, partly as a result of his own travels. 
He took part in the Cambridge Expedition to the 
Suez Canal in 1924. He worked in 1936 at the 
Egyptian marine station established by the late Dr. 
Crossland at Ghardaga on the Red Sea. In 1935 and 
again in 1938, in company with his brother-in-law, 
the late Prof. Walter Garstang, he visited the marine 
station at Bermuda, where he had a unique oppor- 
tunity of observing living specimens of the deep-sea 
fauna. In addition, he reported for the British 
Museum (Natural History) on the larve collected by 
the Terra Nove and the Great Barrier Reef Expedi- 
tions and, for the “‘Discovery’’ Committee, on the 
extensive coilections from the Discovery II voyages. 
The results of all this work are recorded in a long 
series of memoirs and are summed up in two volumes 
published by the Ray Society, a classified ‘‘Biblio- 
graphy” (1939) and “Larve of Decapod Crustacea” 
(1942). Although the general course of the larval 
development of decapods has been well known for a 
very long time, there are still remarkably few cases 
in which the whole sequence of stages is known for a 
single species. Gurney’s work, however, now enables 
the main features of the series to be defined for a 
large number of genera in the chief families of the 
group, and only his diffidence in putting forward any 
views that might be regarded as ‘speculative’ pre- 
vented him from anticipating conclusions that will 
doubtless be drawn by others from his data. 

Among writings of a less rigidly scientific scope, 
testifying to the breadth of his interests, mention 
must be made of his charming little book on ‘Our 
Trees and Wovodlands” (1947) illustrated by himself. 
Nor is it irrelevant to remember the large number of 
young people (not only his Boy Scouts) in Norfolk 
and elsewhere who owe to him the first stirring of 
their interest in Nature. W. T. Catman 


Prof. Johan Harald Kylin 

JoHan HaratD KYLIN, emeritus professor of 
botany in the University of Lund, who died on 
December 16, 1949, in his seventieth year, had done 
much to earn @ lasting name among botanists. He 
graduated at Uppsala in 1901, took his doctor’s 
degree there in 1907, and was appointed professor of 
botany in the University of Lund in 1920, a position 
which he held until his retirement in 1944. Many 
prominent algologists (Bliding, Levring, Papenfuss, 
ete.) received part of their training in his department. 
He spent a considerable part of his vacations at the 
Zoological Station in Kristineberg, where many of 
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his researches were carried out. He was for many 
years editor of Botaniska Notiser and of other Swedis) 
publications. 

The bulk of Kylin’s published work refers (0 ggg. 
weeds, of which he possessed an unrivalled know ledge 
His earliest papers, dealing with the marine alg» of 
the west coast of Scandinavia, had an ecologieg| 
outlook ; but he soon turned his attention to varioys 
aspects of the biochemistry of seaweeds, topics which 
continued to rouse his interest up to the time of his 
death. The biochemical researches that appe:red jn 
the Zeitschrift fiir physiologische Chemie in 1913, 19}5 
and 1918 laid the foundations for our present-day 
knowledge and did much to stimulate inquiry into 
the chemical nature of the cell-walls and of the cell. 
contents of seaweeds. Other investigations of ap 
analogous kind dealt with the resistance of these 
plants to low temperatures and to variations in the 
osmotic pressure of the environment, while a whole 
series of papers were concerned with the iodine 
economy of seaweeds. 

It is, however, in the domain of algal morphology 
and taxonomy that Kylin made his greatest contri. 
bution. His first major paper in this direction, 
“Studien tiber die Entwicklungsgeschichte der 
Phaeophyceen”’, which contained, inter alia, a detailed 
account of the development and _ life-history of 
Chorda, was published in 1918. This was followed in 
1923 by the still more comprehensive “Studien iiber 
die Entwicklungsgeschichte der Florideen’’, in which 
he brought to bear the experience gained curing 
previously published researches on the life-history of 
species of Batrachospermum, Nemalion, Rhodomela, 
Griffithsia, etc. The 1923 memoir was succeeded by 
others of equal scope which enabled Kylin to rectify 
many earlier mistakes and to contribute materially 
to a better grouping of red seaweeds. They include 
monographic treatments of Gigartinales and Rhody- 
meniales and a detailed taxonomic survey of the 
Delesseriacee. The volume on the anatomy of the 
Rhodophycee contributed to Linsbauer’s ‘Hand- 
buch der Pflanzenanatomie” in 1937 is largely an 
epitome of Kylin’s own observations. Kylin also 
edited the Rhodophycee for the new edition of the 
“Natiirliche Pflanzenfamilien’’, a final contribution 
of his which is about to be published in Sweden. 

In the thirties Kylin returned to the investigation 
of the Phwophycee and particularly of the forms 
grouped by Oltmanns and the writer as Ectocarpales. 
These researches, in conjunction with those pre- 
viously published by Sauvageau, threw much light 
on the nature of the reproductive processes in this 
order and clarified many taxonomic difficulties. 
They led Kylin to lay special stress on the life-cycle 
in the classification of the Pheophycee, the bulk of 
which he grouped into the series Isogenerate and 
Heterogeneratz, according as the life-cycle is iso- 
morphic or heteromorphic. His investigations on 
brown algz also led to a very valuable monographie 
treatment of the Chordariales and to diverse papers 
dealing with the Fucales, in particular the structure 
of the spermatozoids. F. E. Frrrscx 





WE regret to announce the following deaths : 


Sir James Henderson, formerly professor of applied 
mechanics, Royal Naval College, Greenwich, on 
April 7, aged seventy-nine. 

Dr. Hugh Robert Mill, known as geographer and 
meteorologist, on April 5, aged eighty-eight. 
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98 April 15, 1950 
NEWS and VIEWS 


international List of Cosmic Ray Research Estab- 
lishments 


No. 4 


THE cosmic ray committee of the International 
Union of Pure and Applied Physics decided at the 
(Cracow meeting in 1947 to draw up and distribute a 
st, with all useful details, of laboratories and 
»search establishments in which cosmic ray investi- 
gations are carried out. In particular, the list was to 
those establishments which are willing to 
ree:ve foreign workers either as students, advanced 
workers or visitors. The first list, admittedly incom- 
plete, has recently been issued. It has been drawn 
yp from answers to @ questionnaire which asked for 
jtails of the geographical situation, climate, trans- 
ort facilities, size, equipment, staffing, and technical 
facilities of the institution; of the type of cosmic 
my work undertaken; and of the number and 
standard of foreign workers welcome. Replies, in 
French or English, were received from Brussels, Rio 
» Janeiro, Shanghai, Copenhagen, twelve institu- 
tions in the United States, eight in France, three in 


me luce 


eat Britain (the Universities of Bristol, Man- 
ester and London), Budapest, Dublin, Italy, 
Mexico, Amsterdam, Switzerland and Prague. The 


lection of information given in the replies is not 
nly most valuable to those working on cosmic rays, 
ut also is probably unique in that it would not be 
wssible in Great Britain to find elsewhere such 
letailed information about even the British institu- 
tions. The University of Manchester, for example, 
as, in addition to eighteen on the teaching staff, 
fifty-four research workers engaged in theoretical and 
experimental physics, and has three 10-ton magnets 
wd five cloud chambers; it insists on the English 
unguage and sterling currency, notes its climate is 
lamp, and says that it has good railway connexions 
with London and most British cities. Of course, the 
United States laboratories are well equipped ; but it 
may be still surprising to many to learn that the 
Brookhaven National Laboratory in Long Island, New 
York, has a personnel of fifteen hundred, of whom 
wo hundred hold scientific qualifications, an avail- 
ible lead supply of 500 tons, a large nuclear reactor, 
s cyclotron, a Van de Graaff generator, and will 
ventually have a 3-billion (sic) volt proton accel- 
erator. 


Bohemian National Museum (1818-1948) 


Tue Bohemian National Museum has recently 
published (1949) an illustrated survey of its history 
and its departments and their scientific significance 
inder the title ‘“‘Nérodni Museum 1818-1948”. Un- 
loubtedly the Museum played a great part in 
leveloping the study of the sciences in the Czech 
ands during the past century, and the extensive 
wological, botanical, mineralogical, archeological 
and other collections, acquired gradually over more 
than a century, still provide useful material for 
riginal investigations. The Museum owed its origin 
to a few enlightened nobles, particularly the dis- 
tinguished botanist and paleontologist, Count Kaspar 
Sternberg, who presented private collections, books 
and other objects which formed the basis of the 
collection. Until 1885, when the spacious 
ind imposing edifice was erected at the top of 
St. Wenceslas Square, the exhibits were kept in 


resent 


private houses. At first they were displayed in Count 
Sternberg’s palace ; later they were transferred to a 
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house vacated by Count Nostic, where they remained 
for about fifty years. The present curators of the 
twelve sections describe the various collections and 
their contemporary interest; attention is directed 
to some unique specimens, for example, the remark- 
able Ordovician trilobite, the salvaged remains of 
Haenke’s specimens collected in the Pacific Isles and 
in South America, and some other indigenous and 
exotic species worthy of note. Despite dispersal and 
disarrangement, bomb damage and other difficulties 
caused by the Second World War and occupation, 
most of the scientific material is again on display and 
freely available to students. Through its quarterly 
journal the Museum at one time published original 
papers that would not otherwise have been printed. 
The Museum Society also arranged the publication 
of monographs and treatises that have since become 
classics in Czech science. 


History of the Biochemical Society 


CONSIDERING the world-wide interest in _bio- 
chemistry to-day, it is interesting to recall that the 
origins of the Biochemical Society go back no farther 
than 1911. Largely through the initiative of the late 
J. Addyman Gardner, and of Prof. R. H. A. Plimmer, 
a meeting of those who might be interested was 
convened for January 21 of that year at University 
College, London; this led to the formation first of 
a Biochemical Club, and after a few months to the 
Biochemical Society. For the benefit of present and 
future members, Prof. Plimmer has set down, in a 
pamphlet entitled “The History of the Biochemical 
Society, 1911-1949" (pp. 24+-4 plates ; Cambridge : 
at the University Press, 1949; 2s. 6d. net), his 
recollections of those early days and the squabbles 
which attended the change over from a Club to a 
Society, and the acquisition by the latter of the 
Biochemical Journal from the late Prof. B. Moore. 
Pithy and brief, the pamphlet is a model of its kind. 


Human Physiology in Schools 


THE latest educational paper produced by the 
British Social Hygiene Council is concerned with 
human physiology as a practical subject in schools 
and has been prepared by Richard Palmer. Mr. 
Palmer has demonstrated his ability to relate bio- 
logical subjects to ordinary everyday life in his 
successful broadcasts to schools. In this paper he 
again shows that costly apparatus is not always 
necessary to teach a practical subject, and that, 
although the experiments suggested are so simple 
that some of them last less than a minute, they may, 
in fact, be better remembered than those performed 
with elaborate apparatus because they obviously 
concern the children themselves. It might be expected 
that experiments with the senses give Mr. Palmer 
most scope for ingenuity, although he also includes 
useful the circulatory and nervous 
sections. Students are encouraged to supplement the 
experimental work suggested by the examinationfof 
dissections, skeletons and the keeping of living 
mammals. Copies of the paper, which contains a 
well-thought-out book list, may be obtained from the 
British Social Hygiene Council, Tavistock House 
North, Tavistock Square, London, price Is. 1d. 


sections on 


Bibliography of Science in Latin America 

Tuer Conference of Latin-American Scientific 
Experts, convened in Montevideo during September 
1948 by the United Nations Educational, Scientific 
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and Cultural Organisation, decided that a biblio- 
graphy of Latin-American scientific activities should 
be prepared. Accordingly, the Unesco Field Scientific 
Co-operation Office for Latin America, Montevideo, 
set to work on this arduous task, in collaboration 
with various Tbero-American organisations, and so 
far it has published four volumes. Three of these list 
the scientific institutions and the men of science, 
respectively, of the following countries: the Argen- 
tine, Uruguay, and Puerto Rico and Colombia (in 
separate sections); the information on both the 
institutions and the men of science is very detailed 
but compressed, the average space for each entry 
being very approximately half a page, but some 
receive considerably more. The fourth volume, 
entitled “First List of Scientific Papers published in 
Latin America’, contains a short section on the 
names of periodicals and their publishers and 
addresses, the lists being azvranged under the name 
of the parent country, and then a long section of 
nearly three hundred pages giving scientific papers, 
the lists being classified under subject headings and 
arranged within each subject in alphabetical sequence 
of authors; it is noteworthy that the total number 
of papers on medical subjects is nearly four times 
that of all the papers relating to non-medical sciences. 
All four volumes are made up of mimeographed 
foolsecap sheets, bound with paper covers. Each is 
marked Volume 1, these being the first lists, and it 
is stated that the first lists will be finally completed 
within a few months of the original publications. 
It will be interesting to see how voluminous the total 
production becomes, and whether this massive 
bibliography will be kept up to date in the future. 
The volumes have been issued by the Unesco Field 
Scientific Co-operation Office for Latin America, 
Montevideo. 


Organisation of Mycology 


“Founci form a huge group of probably some 
100,000 species, and their distinctive form and 
nutrition give to their study a special interest height- 
ened by their enormous economic importance.” Two 
committees of the British Mycological Society have 
discussed the modern implications of studies on this 
important group of organisms. Their reports are now 
published in the Society’s Transactions (32, Pt. 1, 
100; 1949). The committee-considering the status 
of systematic mycology in Great Britain finds that 
this branch of the study has not kept pace with 
developments in applied fungology. When an applied 
science tends to overrun its cognate basic studies, 
its methods become more empirical. Considerable 
progress has, indeed, been made by empirical investiga- 
tions. It is, however, equally true that much time 
and effort can be saved when an applied investigation 
is based upon an adequate amount of ‘pure’ know- 
ledge. In practical terms, the report shows that there 
are five official systematic mycologists to serve Great 
Britain and the Empire overseas. Modern develop- 
ments in plant pathology, industrial and medical 
mycology make very heavy demands on their work, 
and there is not enough opportunity for research into 
systematics. The report makes recommendations for 
the amelioration of this situation. 

Many questions involved the organisation and 
content of mycological teaching. This matter was 
remitted to a further committee, which has reported 
concurrently. It is regarded as a basic principle that 
the study of fungi as a branch of pure science should 
always precede a study of applied mycology. Honours 
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courses in botany might well devote one-sixth of the 
available time to mycology, which should a!so be 
available as a separate subsidiary subject for si idents 
taking, for example, an honours degree in che: .:istry. 
The contents of such a course should pre! rably 
involve a regression from the ‘type species’, and 
more useful approach made from the ecological 
point of view. This would allow fungi to be si udied 
primarily as living organisms, though it would stil] 
be germane to mention their economic signif cance, 
The committee suggests that it is desirable to d velop 
postgraduate courses in mycology, leadin:. for 
example, to an M.Sc. degree, where this is awarded 
on examination. Facilities could be provided for 
students to transfer to particular universities for 
such postgraduate courses. They would then he able 
to take advantage of a particular character which 
would be established at each, following the int rests 
of its head. 


Personnel Management 


Tue latest broadsheet in the personnel manage. 
ment series issued by the British Institute of 
Management is called “Working Together’ and 
emphasizes the danger of ‘bigness’ in industrial 
organisations. In big companies control has to be 
more centralized, and this, states the author, leads to 
many arrangements being made by correspondence, 
Once men take to writing notes to each other, instead of 
meeting face to face, it is easy to forget that the words 
and figures on the paper are but a reflexion of human 
hopes and fears. It is these emotions with which 
managers are concerned and not the minutes or the 
accounts. The broadsheet considers the human 
problems of working units in more detail, and among 
the aspects discussed are the purpose of personnel 
work, treating the individual as an individual, dis- 
cipline and organisation, and the problem of purpose. 
Two useful appendixes give details of suitable reading 
matter and a list of institutions concerned with per- 
sonnel management. Copies of the broadsheet may 
be obtained from the British Institute of Manage- 
ment, 17 Hill Street, London, W.1, price 2s. 6d. 


Standard Accounting 


Tse British Institute of Management, at one of 
its sectional meetings held at Cliftonville last May, 
considered the need for a standard accounting 
system, and a report of this meeting has now been 
published (B.I.M. Conference Series 6. Pp. 36. 
London: 17 Hill Street, W.1, 1949. 2s. 6d.). Intro- 
ducing the discussion, Mr. Ian T. Morrow pointed out 
that normal profit and loss accounts and balance 
sheets suffer from severe limitations as instruments 
of management control. They are presented rather 
too long after the event to be helpful, and they do 
not pinpoint where responsibility or credit lies for 
the results. The accountant has to realize that his 
position in industry is changing and that he is no 
longer merely a sort of watchdog barking whenever 
anything goes wrong. He is there to help management 
and to work with it. Managements for their part 
must bring accountants into their deliberations more 
than they have done in the past. Following a (iis- 
cussion on Mr. Morrow’s paper, the meeting em- 
phasized the assistance which properly devised 
accounting control can give to management, and 
recommended integration of financial and cost 
accounts. It also advocated research to establish 
the principles of standardized accounting and 
statistical control for management purposes. 
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Anglo-American Co-operation in Textile Techno- 


log) 
By arrangement between the American Textile 
h Institute and the Textile Institute in Great 


Resear: 

Britain, the Abstracts Section of the American 
fertile Research Journal has been discontinued, and 
a future subscribers to that publication will receive 
astead the’ Abstracts Section of the Journal of the 
fertile Institute. Such an arrangement will make 
wailable in the United States a broader survey of 
genera! literature relating to textiles, and in return 
the American Textile Research Institute is seeking 
to make arrangements to supply abstracts of United 
States patents to the Journal of the Textile Institute. 
This collaboration is indicative of a further develop- 
ment in the already close co-operation which exists 
between British and American textile technologists. 


Aslib Guide to the Textile Industry 

No. 4 of the “‘Aslib Guides to Sources of Information 
n Great Britain’’ has been recently published and is 
ntitled “Textiles and Allied Interests’ (pp. 50; 
London: Aslib, 1949; 12s. 6d. net; to members, 
l0s.). Section 1 deals with the relevant libraries, 
an services, museums and with the Department of 
Scientific and Industrial Research, and Section 2 
jstails the organisations in Great Britain which are 
the main sources of information. Section 3 lists 
publications, arranged as periodicals, printing ab- 
stracts or lists of references ; directories, annuals and 
yearbooks ; and periodicals in general. There are 
separate indexes to the libraries and other organ- 
isations and to publications. 


Science in South Africa 

THE attractive brochure which was prepared 
primarily for the information of delegates to the 
\frican Regional Scientific Conference held in 
October 1949 has now been made available for 
sale on a limited scale to the public (“Science in 
South Africa.”” Pp. 176. Pretoria: Council for 
Scientific and Industrial Research, 1949. 10s.). 
Prepared under the wgis of the Council for Scientific 
und Industrial Research, the book tells the story of 
sientifie achievement in South Africa and tells it 
extraordinarily well. All the major South African 
ontributions to various sciences are described in 
seventeen well-written chapters and are accompanied 
by much interesting information about the history of 
the sub-continent, which has in the past received 
ittle attention. In a book of 176 pages, it is sur- 
prising how much detail has been included without 
over-compression. The illustrations are numerous 
and of high standard. It is unfortunate, therefore, 
that such a well-prepared book should not have been 
clothed in stiff covers. The South African Council 
for Scientific and Industrial Research would perform 
a valuable service by preparing another edition of 
this book, provide it with boards and allow it to be 
sold freely to the general public at a price less than 
the present one. 


International Chemical Conventions in New York 
in 195] 


A LARGE gathering of chemists and chemical 
engineers is expected to assemble in New York in 
September 1951, when the following events are due 
to take place: during the week beginning September 
2, the seventy-fifth anniversary meeting of the 
American Chemical Society; September 8-9, the 


Sixteenth Conference of the International Union of 
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Pure and Applied Chemistry ; September 10-13, the 
Twelfth International Congress of Pure and Applied 
Chemistry. The Union Conference will also meet in 
Washington during September 14-15 (and possibly 
16), when the delegates will be able to participate in 
the fiftieth anniversary celebration of the founding 
of the National Bureau of Standards. The Inter- 
national Union, which normally meets every two 
years for setting up uniform chemical standards, is 
a continuing body, the members of which are made 
up on @ national basis through an official government 
agency ; the president is Dr. Hugo R. Kruyt, of The 
Hague. International Congresses, on the other hand, 
are held every four years, each being independently 
organised in the host country. The purpose of the 
Congresses is to enable leaders in the various branches 
of chemistry and chemical engineering to exchange 
information and report on progress. The 1951 Con- 
gress is being sponsored by the Division of Chemistry 
and Chemical. Technology of the United States 
National Research Council, of which Prof. W. A. 
Noyes, jun., University of Rochester, is president. 
Prof. A. B. Lamb, of Harvard University, has been 
appointed chairman of the organising committee for 
both the Congress and the Union Conference. An 
appeal has been made to raise 250,000 dollars which 
will be used to aid foreign visitors, especially those 
from countries where there is a dollar shortage. 

The origin of the American Chemical Society goes 
back to 1874 when a pilgrimage was made by leading 
American chemists to the grave at Northumberland, 
Pennsylvania, of the English immigrant, Joseph 
Priestley, on the centenary of his discovery of oxygen. 
This led to the formation in New York, on April 6, 
1876, of the American Chemical Society, and for a 
number of years the activities of the Society were 
confined solely to New York. By the end of the 
nineteenth century local sections were formed in 
other cities, and the membership gradually grew in 
numbers from 230 in 1876 to 14,808 in 1926. To-day 
it is one of the largest professional associations of 
scientific workers in the world, with a membership 
of more than 63,000. In 1937, in recognition of its 
long service of advice and assistance to the govern- 
ment and the nation, the Society was given a charter 
by Congress as a national organisation. 


Sixth International Congress of the History of 

Science 

UnpveERr the auspices of the International Academy 
and the International Union of the History of Science, 
the Netherlands branch of the Union is organising 
the Sixth International Congress of the History of 
Science, which will be held in the University of 
Amsterdam during August 14-21. The Congress will 
be divided into five Sections: (1) history of mathe- 
matics, physics, astronomy, geography and geology ; 
(2) history of chemistry, mineralogy, pharmacy and 
biology ; (3) history of applied science and tech- 
nology ; (4) history of medicine; (5) general prob- 
lems, methods and philosophy of science. Section 4 
will be, at the same time, the Twelfth Congress of 
the International Society of the History of Medicine. 
All papers to the Sixth Congress (preferably written 
in English or French) must be submitted not later 
than May 1 and be limited to a maximum of three 
thousand words and two plates. Some will be printed 
in the Archives Internationales d’ Histoire des Sciences, 
and later the full Transactions of the Amsterdam 
Conference will be published in one volume during 
1951. All papers should be accompanied by a sum- 
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mary of 100-150 words, which will be printed in the 
Congress programme, and members reading com- 
munications will be limited to a maximum of fifteen 
minutes with a further fifteen minutes for discussion. 
The Congress will open informally on August 14, and 
the official opening session will be on August 15 in 
the Kriterion Theater. Thereafter, section meetings 
will be held in the Laboratory of Inorganic Chemistry, 
Nieuwe Prinsengracht 126, Amsterdam-C, where also 
the reception office will be located. August 17 and 21 
will be devoted to excursions, and there is a special 
programme for ladies. All correspondence relating to 
the Congress should be sent to the secretary, Prof. 
R. J. Forbes, Haringvlietstraat 1, Amsterdam-Z., 
Netherlands. 


Ray Society: Annual General Meeting 

THE hundred and sixth annual general meeting of 
the Ray Society was held on March 16. It was 
announced that Prof. N. J. Berrill’s volume on ‘“The 
Tunicata”’ was nearly ready and will be distributed in 
the immediate future. This will be followed shortly by 
the second volume of Prof. Frank Balfour-Browne’s 
“British Water Beetles’ and by the first volume of 
Messrs. G. H. Lockett and A. F. Millidge’s “British 
Spiders”. The volume on “The Mysids’’, by the 
late Prof. W. M. Tattersall, is now nearly ready for 
press; and volumes on “British Sponges” by Dr. 
Maurice Burton, on “Watsonian Vice-Counties” by 
Mr. J. E. Dandy, and a second volume on “British 
Spiders” are in active preparation. It was reported 
at the meeting that the Ray Society has received 
most valuable financial assistance during the year, 
not only from two of its members, Mr. Spedan Lewis 
and Prof. Frank Balfour-Browne, but also from 
Imperial Chemical Industries, Ltd., which has 
covenanted to pay the Society the sum of £750 a 
year for seven years. 

Officers of the Society were elected as follows : 
President, Lieut.-Colonel Seymour Sewell ; Honorary 
Treasuter, Lieut.-Colonel W. P. C. Tenison ; Foreign 
Secretary, Dr. Maurice Burton ; Honorary Secretary, 
Dr. Errol White; Vice-Presidents, Prof. G. R. de 
Beer and Mr. H. R. Hewer; New Members of Council, 
Mr. E. R. Martin, Mr. A. C. Townsend, Mr. E. Milne- 
Redhead and Mr. J. E. Dandy. 


Convention on Modern Microscopy 
A JOINT convention on modern microscopy will be 
held by the Royal Microscopical Society and the 
Electron Microscopy Group of the Institute of 
Physics at King’s College Medical School, Newcastle 
upon Tyne, during April 18-21. The convention will 
form one of the occasional meetings that are held 
from time to time outside London by the Royal 
Microscopical Society. Dr. G. M. Findlay, of the 
sritish Medical Association, will give a public lecture 
on “Viruses” in the City Hall on April 19 at 8 p.m. 
On April 20 at 8 p.m. there will be a civic reception 
at the Laing Art Gallery of members of the convention 
by the Lord Mayor of Newcastle upon Tyne and the 
Lady Mayoress. It is proposed to publish the papers 
read at the convention in the Journal of the Royal 
Microscopical Society. Further details can be obtained 
from the convention secretary, Dr. A. E. J. Vickers, 
Wynnstay, Millfield Road, Whickham, Newcastle 
upon Tyne. 


University of London: Appointments 


TxE following appointments in the University of 
London have been announced: Prof. R. W. Russell, 
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to the University chair of psychology tena 
University College from October 1, 1950 

D. H. R. Barton, to the University readership jy 
organic chemistry tenable at Birkbeck College from 
October 1, 1950. The title of professor of mining 
geology in the University has been conferred on Dr. 
David Williams in respect of the post held by him at 
the Imperial College of Science and Technology ; and 
that of reader in chemistry in the University on Dry. 
A. G. Foster in respect of the post held by him a 
Royal Holloway College, from October 1, 1950. 


Colonial Service: Recent Appointments 

TuHE following appointments in the Colonial Service 
have been recently announced: H. J. H. lorley 
(administrative officer, Nyasaland), director, (ame, 
Fish and Tsetse Control, Nyasaland ; P. 8. Hammond 
(agricultural officer, Gold Coast), temporary assistant 
director of agriculture (cocoa industry), Gold Coast; 
A. Jones (senior agricultural officer, Gold Coast), 
assistant director of agriculture, Gold Coast; E. B. 
Martyn (plant pathologist, Jamaica), plant path. 
ologist, Trinidad; A. F. W. Sheffield (senior agri- 
cultural officer, Nigeria), principal agricultural officer, 
Nigeria ; G. R. Spurrell (senior agricultural officer, 
Gold Coast), temporary assistant director of agri- 
culture (cocoa industry), Gold Coast ; H. A. Douglas 
(assistant conservator of forests, Gold Coast), senior 
assistant conservator of forests, Gold Coast ; A. F. A. 
Lamb (conservator of forests, Britich Honduras), 
conservator of forests, Trinidad; G. L. Timms 
(pathologist, Kenya), assistant director of laboratory 
services, Kenya ; T. Wilson (health officer, Federation 
of Malaya), senior malaria research officer, Federation 
of Malaya; J. C. Rix (veterinary officer, Northern 
Rhodesia), veterinary officer, Hong Kong; J. T. T. 
Schouten (assistant agricultural officer, Kenya), 
agricultural officer, Kenya; A. N. C. Thomas, agri- 
cultural officer, Nigeria; J. D. Long, assistant con- 
servator of forests, Nigeria ; W. H. Jack and J. W.C. 
Mooney, assistant conservators of forests, Gold 
Coast ; J. Middleton, geologist, Sierra Leone ; T. J. 
Coyle and K. S. Jespersen, veterinary officers, 
Uganda; G. R. Scott, veterinary research officer, 
Kenya; B. J. Barton, fisheries officer, Sierra Leone ; 
H. J. Bigelstone, senior assistant meteorologist, 
Nigeria; W. L. Booker, statistical officer, Gold 
Coast; J. A. Gilmour, lecturer in botany and 
entomology, Egerton School of Agriculture, Kenya; 
P. R. Hesse, research officer, scientific officer grade, 
East Africa High Commission ; H. P. V. Jensen and 
J. Marquard-Andersen, veterinary officers, Kenya ; 
P. Kravig, fisheries officer, Sarawak; W. H. E. 
Nielson, veterinzry officer, Northern Rhodesia ; J. E. 
Peacock, scieniific officer (meteorologist), Royal 
Observatory, Hong Kong; 8S. H. Phoenix, lecturer 
in agricultural chemistry, Kenya; J. L. Schofield, 
pasture research officer, Kenya. 


Announcements 

H.M. The King, accompanied by the Queen, will 
inaugurate the new building at Mill Hill of the 
National Institute for Medical Research on May 5. 


A CONFERENCE on “Science and Food Rationing”, 
sponsored by several scientific and educational 
organisations, will be held in the Chemistry Lecture 
Theatre, University College, London, during April 
28-29. Further information can be obtained from 
the Secretary, British Social Hygiene Council, 
Tavistock House North, Tavistock Square, London, 
W.C.1. 
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HERRING MARKING 


NATURE 
IN EUROPEAN WATERS 


By ARNI FRIDRIKSSON 


Fisheries Department, University Research Institute, Reykjavik, Iceland 


N 1922 A. C. Johansen carried out a small herring 

marking experiment in the Kattegat ; but as only 
two or three herrings were recaptured shortly after 
the marking, and in rather poor condition, the 
experiraent was never repeated. When, in 1935, | 
came to the conclusion that the herring caught off 
the north coast of Iceland during summer (June 
September) belonged to the Norwegian large- and 
spring- herring stock, I thought it desirable to make 
a further study of this question by means of marking 
experiments. However, none of the fish-marking 
methods which had been applied in Europe seemed 
to be practicable when dealing with the herring, 
partly owing to the supposed delicateness of this 
fish, partly to mass capture and mass treatment in 
factories, where a usual external mark would not be 
observed. A year later, American investigators suc- 
ceeded in developing a new marking method for 
herrings and sardines in the Pacific. This method is 
based on internal, magnetic tags, which are inserted 
in the body cavity of the fish. When a marked fish 
is treated in a reduction plant, the tag will be 
collected from the meal by a strong magnet. 

During a visit to the United States in 1944, I had 
the opportunity of becoming acquainted with the 
practical side of the method, and through the kind 
assistance of my colleagues I obtained 10,000 tags, 
designed for Icelandic taggings. The work could not 
be commenced until after the War, when the Nor- 
wegian authorities were approached in order to 
obtain agreement on a common plan—the Icelandic- 
Norwegian herring-marking scheme. It was originally 
intended to start the taggings in Icelandic waters 
during the summer of 1947; but owing to various 
difficulties this had to be abandoned and the markings 
were started off the south-west coast of Norway in 
the spring of 1948 by myself and the Norwegian 
worker, Mr. Olaf Asen. I cannot here describe the 
details of the method but will confine myself to 
saying that the herring proved to be well able to 
stand this marking operation. The number of herrings 
so far marked amount to: (1) 6,181 in Norwegian 
waters during spring 1948; (2) 7,501 in Icelandic 
waters during summer 1948; (3) 8,261 in Norwegian 
waters during spring 1949. Thus, 21,943 herrings 
altogether have been marked. 

From experiment (1), 9 herrings have been recap- 
tured: four in Norway in 1948 and four in 1949, and 
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Fig. 1. Number of herring tagged in Norway and Iceland during 
1948 and number of tags returned during 1948 and 1949 








one in Iceland in 1949. From experiment (2) we have 
got 75 returns: 21 in Iceland in 1948 and 49 in 
1949, one in Norway in 1949, and four in Norway in 
1950. Experiment (3) has only given two returns so 
far, both from Norway in 1949. 

The marking experiments are intended to solve 
a series of important problems regarding the biology 
of this fish and its relation to fisheries: (a) whether 
the herring can survive marking and give useful 
experimental results; (6) independence of stocks, and 
long-distance migrations of the herring; (c) rate of 
mortality and effect of fishing. 

As already mentioned, the herring can stand at 
least this kind of marking quite well. We find, for 
example, that from 86 herrings which have been 
recaptured, 59 have spent a year or more in the sea. 
For herrings travelling long distances, the one which 
was marked in Iceland and caught in Norway had 
been 172 days in the sea, so that the average distance 
travelled in 24 hours was at least three to four miles. 
The one mafked in Norway in 1948 and caught in 
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Fig. 2. Number of herring tagged in Iceland during August 1948 
Iceland in 1949 had spent 1 year 4 months and 24 
days in the sea and very probably migrated to 
Teeland during the summer of 1948, then back to 
Norway in spring 1949 and finally to Iceland again 
n the summer of 1949. Finally, four herrings caught 
in Norway this year (about February 10) have spent 
approximately eighteen months in the sea. 

The results of the markings indicate already that 
the herring shoals are not permanent ; but must be 
broken up from time to time. From 505 herrings 
which were marked off Iceland and liberated simult- 
aneously on August 22 in 1948, we have already got 
8 returns, 3 of which were from Iceland (two different 
ports) in 1948, one from Norway in 1949, and four 
from Iceland in 1949 (three ports). 

We are not yet able to say anything, based on 
returns, about the effect of fishing upon the stock ; 
but it is hoped that this will be possible after some 
more years of intensive taggings. The best measure 
would perhaps be the number of returns per 100,000 
or every 1,000,000 hectolitres reduced in the oil- 
and meal-factories. As an indication of the useful- 
ness of such a method, it may be pointed out that 
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we got 50 returns in Iceland last summer from 7,500 
herrings liberated in 1948, or one herring out of 
every 150 which were marked. These 50 returns 
were taken in a catch of 800,000 hectolitres, which 
corresponds broadly to 150 million herring. The 


number of herring on the fishing ground should 
consequently have been of the order 240,000,000 x 
150, or 36,000,000,000 herrings. 

This year it is intended to mark 20,000 herrings 
off Norway and 10,000 off the north coast of Iceland. 


POSSIBLE F-SHELL COVALENCY 
IN THE ACTINIDE ELEMENTS 
By Dr. E. GLUECKAUF and H. A. C. McKAY 


Atomic Energy Research Establishment, Harwell, Berks 


TTHERTO, to explain the directional and other 
properties of known covalent bonds, it has been 
sufficient to assume the utilization and hybridization 
of s-, p- and d-orbitals. Consequently, little effort 
has been expended on the study of f-electron orbitals. 
During recent work on the chemistry of uranyl 
nitrate, features have come to light which, taken in 
their entirety, tend to the conclusion that this salt 
forms covalent complexes which may possibly involve 
the use of f-shell orbitals. This contention is based 
on three experimental facts. 

(a) Covalent binding of the oxygens in the uranyl ion, 
demonstrated by their non-exchange with oxygen-18 
in heavy water’. This presumably involves the 7s- 
and 7p-orbitals. 

(b) Formation of covalent bonds between uranyl and 
nitrate ions. Uranyl nitrate, though fully dissociated 
at low concentrations, forms the mono-nitrate ion 
UO,NO,* at high concentrations*, and from a recent 
redetermination of the osmotic coefficients* we sur- 
mise that undissociated uranyl nitrate molecules may 
be formed to an extent of about 20 per cent at 
saturation. The change in the spectrum of UO,NO,* 
as compared with UO,** is indicative of covalent 
bond formation. 

Quite unusual also is the formation of the double 
nitrates MUO,(NO,), (where M = K, Rb, Cs, NH, 
or NMe,), M,UO,(NO,), (where M = K, Rb, NMe, 
or NEt,), and (NH,),UO,{NO,),.2H,O. (K,Ba(NO;), 
appears to be the only other double nitrate of a 
divalent metal.) Moreover, it has been proved that 
the ion [UO,(NO,),]~ persists in solution in absolute 
nitric acid‘. X-ray investigations on RbUO,(NO,), ° 
and other UYI compounds*’ have revealed a char- 
acteristic arrangement of six coplanar oxygens sur- 
rounding the uranium at distances of 2-3-2-7 A., with 
the two uranyl oxygens perpendicular to this plane 
at a distance of 1-5-1-9 A. 

(c) The unique behaviour of uranyl, neptunyl and 
plutonyl nitrates in organic solvents containing oxygen, 
especially in ethers. The partition coefficient of 
uranyl nitrate between water and ethyl ether, for 
example, differs by many orders of magnitude from 
those of other divalent nitrates, measured under 
thermodynamically comparable conditions : thus the 
relative partition coefficients of manganese, cobalt, 
copper and uranyl nitrates* are 0-1: 1:2: 10°. Such 
an enormous difference in degree suggests a different 
kind of mechanism. Neptuny!] and plutonyl nitrates 
behave similarly to uranyl] nitrate. 

The uranyl nitrate in these organic solutions is 
generally associated with four water molecules** 
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and is substantially undissociated, as can be seep 
from the low electrical conductivity of these soly. 
tions*. In organic solution, therefore, we evidently 
have a complex entity [UO,(NO,),(H,O),].  Soliq 
compounds can be isolated from these solutions’... 
which are most often of the forms 


UO,(NO,),.3H,O.S and UO,(NO,),.2H,0.25, 


where S is a solvent molecule. It has also been 
claimed that a new and presumably metastable 
hydrate UO,(NO,),.4H,O can be crystallized from 
acetone solutions*. Thus, taking the normal hexa. 
hydrate [UO,(H,O),] (NO,), into account as well 
there is a good case for 8-co-ordination around the 
central uranium atom. 

Partition data at higher concentrations in the organic 
phase indicate** that the complex [UO,(NO,),(H 0)J 
is further solvated with 4 + 2 organic solvent mole. 
cules, the values differing within these limits for 
different solvents*. This solvation obviously corre. 
sponds to the loose ‘secondary’ solvation in aqueous 
electrolyte solutions™, and it must be assumed that 
these solvent molecules are held through their 
oxygens to the hydrogens of the ‘primary’ water- 
shell. It has, indeed, been found that for both water 
and uranyl! nitrate the solubility increases as 4 
function of the ratio of oxygen to carbon in the 
ether, more or less independently of the number of 
oxygen atoms‘, and that the introduction of halogens 
or phenyl groups into the ether markedly decreases 
the solubilities'*. Moreover, uranyl nitrate does not 
dissolve at all in such solvents as carbon tetrachloride 
and benzene, which do not contain oxygen. 

Evidently the donor properties of the solvent 
oxygen play a decisive part, indicating that the 
reason for the abnormal solubility of uranyl and 
similar nitrates in organic solvents is to be sought in 
strong interaction with the solvent in conjunction 
with ready formation of neutral molecules. Purely 
electrostatic forces cannot account for these phen- 
omena, because such forces would be no larger for the 
uranyl ion than for the much smaller ions lower down 
in the periodic table. It would seem, therefore, that 
both the two nitrate groups and the four water 
molecules must be covalently attached to the uranyl. 
In this connexion it is interesting to note that the 
entropy of the uranyl ion is about 17-20 cal./degr. 
mole smaller than that of divalent ions of comparable 
size’*, which is interpreted to imply unusually firm 
binding of its water of hydration. 

Once it is agreed that covalency formation applies 
to all the constituents of the inner shell (20=, 
2NO,, 4H,O), and hence involves ten electron 
orbitals, the question arises : Why does such bonding 
not take place to a similar extent with, say, man- 
ganese which also forms a hexahydrate, which has 
plenty of 3d-, 4s- and 4p-orbitals available and has, 
furthermore, a much smaller ionic radius? This 
question is difficult to answer, and the only explana- 
tion which offers itself is that we must have here a 
peculiar property of f-shell orbitals (most probably 
hybridized with other orbitals), which are apparently 
more capable of forming nitrate complexes of this 
kind than the well-known s p d hybrids. It is possibie 
that the strong increases in the absorption constants 
recently observed'* for neodymium nitrate between 
5000 and 6000 A. and explained in terms of changes 
in the outer structure of the Nd** ions are also con- 
nected with the availability of f-shell orbitals. 

The possibility of hybrids involving f-shell orbitals 
giving a distribution of six co-planar bonds is being 
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investigated in Prof. GC. &. Coulson’s department at 
King’s College, London, and experimental studies, 
at the Atomic Energy Research | Establishment, of 
the paramagnetism of plutonyl nitrate and its com- 
slexes should, in due course, give a clearer conception 
»f such bond properties. Our thanks are due to the 
Director of this Establishment for permission to 
oublish this article, and to Dr. J. 8. Anderson, also 
of the Establishment, for valuable discussions. 
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REVERSIBLE DISSOCIATION OF 
ARACHIN 


By P. JOHNSON, F. J. JOUBERT* and 
E. M. SHOOTER 


Davy Faraday Research Laboratory, 
Royal Institution, London 


T was shown some years ago' that the globulins of 
the groundnut form a reversible association 
dissociation system, a parent molecule (A,) of 
molecular weight c. 400,000 dissociating under 
appropriate conditions into two sub-units (A) of 

molecular weight c. 200,000 
A, 2A. (1) 


The parent and sub-molecules were shown to be easily 
distinguishable in the ultracentrifuge. 

Dissociation of A, was found to occur by pre- 
cipitation from salt solution by dilution with water 
and acidification to the isoelectric point, the degree 
of dissociation being largely dependent upon the 
extent of the dilution. Reversal of such dissociation 
was rapidly accomplished by the addition of ammonium 
sulphate, complete association occurring at c. 15 per 
cent saturation (0-88 M), a concentration much 
smaller than that required for protein precipitation. 
High concentrations of potassium chloride caused a 
slow shift to the associated form. These observations 
have recently been confirmed and considerably 
amplified. In view of the extent and importance of 
protein dissociation reactions**, we summarize 
additional findings here. 

The proteins as extracted from dry oil-free ground- 
nut meal in 6 per cent sodium chloride solution give 
a sedimentation-velocity pattern in which the chief 
component, with a sedimentation constant of 14-4 S, 
is to be identified with A,, smaller amounts of more 
rapidly and more slowly sedimenting material also 
occurring. The dissociation product (A), possessing 
& sedimentation constant of 9-0 S, does not occur, 


* Research officer from the Counci] of Scientific and Industrial 
Research of South Africa, Pretoria. 
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Fig. 1. Sedimentation diagrams giving equilibrium positions in 
barbiturate buffers at ionic strength, 0-04 

and in view of the slowness (see later) of association 
and dissociation reactions in 6 per cent sodium 
chloride, this indicates that the globulin in the 
groundnut occurs largely in the form of associated 
molecules. 

The equilibrium composition of the system in 
solution is dependent upon the pH, salt concentration 
and type of salt present, and it has been possible to 
determine this composition accurately over a restricted 
PH range and more approximately outside it. Thus in 
barbiturate buffers of ionic strength J = 0-04, the 
equilibrium compositions obtained experimentally are 
indicated in Fig. 1 as enlarged sedimentation dia- 
grams, the most noticeable feature being the increase 
in the proportion of the dissociated form (slower 
component) with increase in pH. Below pH 7, the 
protein solubility is so low as to preclude sediment- 
ation or other measurements, while above pH 9 the 
approach of equilibrium is so slow that it is unsafe 
to estimate the equilibrium composition. With 
decreasing salt concentration at a given pH, the 
dissociation reaction is encouraged, as was readily 
shown at pH 7 on decreasing the ionic strength from 
0-04 to 0-01 (Fig. 2). An attempt at estimating the 
speed of the forward and reverse reactions of equation 
(1) was made from sedimentation measurements at 
different times on solutions of A, alone and mixtures 
with its dissociation product. It was not, of course, 
possible to estimate reaction-rates unless the respec- 
tive half-life times (t,;.) were large compared with 
the duration of a centrifuge experiment ; the shorter 
the t,;, values the more erroneous the estimates. 
Fig. 1 shows these values beside the corresponding 
equilibrium compositions. 

In phosphate buffers it is more difficult to de- 
termine equilibrium positions because of the slower 
rate of attainment of the equilibrium state. How- 
ever, it would appear that at pH 8 and with ionic 

Ionic Equilibrium 


pH strength position 


— 
cal 


J™ 


Fig. 2. Sedimentation diagrams showing increasing dissociation 
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at lower ionic strengths. Barbiturate buffers 
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strengths greater than 0-10, an equilibrium mixture 
contains a larger proportion of A, than of A. The 
half-life time under these conditions is probably in 
excess of 200 hr. In 0-05 M borate buffers at pH 8, 
the equilibrium mixture contains a slightly higher 
proportion of dissociated form ; but little is yet known 
of the reaction-rates. 

From data of the type of Fig. 1, the dissociation 
process already mentioned becomes understandable. 
Dilution with water causes a lowering in salt con- 
centration and therefore a shift in equilibrium position 
towards the dissociated form; a lowering in pH 
makes this position attainable rapidly. As would be 
anticipated, a lowering in protein concentration only 
(by dilution with salt solution), followed by pH 
lowering, causes little dissociation. 

More is known also of the association process. The 
small effect of ammonium chloride as compared with 
that of ammonium sulphate at comparable ionic 
strength indicates that the sulphate ion is the 
effective entity. Potassium and sodium chlorides 
give effects similar to ammonium chloride. Further 
work is in progress to test the action of other divalent 
anions, and it would appear that the effect of divalent 
phosphate (HPO,”) is probably similar to that of the 
sulphate ion. The associating action of the sulphate 
ion is probably connected with its strong absorption 
by both A, and A molecules. Dialysis, extended over 
several days, fails to remove completely such ions, 
although electrophoretic results indicate their dis- 
placement by barbiturate ions. 

However, another type of reaction by ammonium 
sulphate occurs at quite low salt concentrations 


(c. 1 per cent saturation). Thus at pH 8, in the usual 
phosphate buffer solutions, the equilibrium mixture 


of A, and A contains an appreciable proportion of 
the A form, as may be seen by examining a solution 
of A, after four or five days dialysis against 0-05 M 
phosphate buffer at pH 8. However, an undialysed 
solution in the same buffer of A,, obtained by 
ammonium sulphate precipitation and contaminated, 
therefore, by ammonium sulphate, contains no A 
form after several days. It is not yet known whether 
the trace of ammonium sulphate present causes an 
actual shift in equilibrium, or merely slows reaction- 
rates. The strong absorption of sulphate ions, and 
their retention even in the absence of such ions in 
the solvent, is probably responsible for the effect also. 

A new type of associating agent, the sodium salt 
of the long-chain paraffin sulphates (C,, C19, Cy2, C14), 
has recently been discovered. These substances are 
effective at very low concentration, complete asso- 
ciation occurring at a concentration which is lower 
the longer the paraffin chain. Thus with the C,, C,, 
and C,, members respectively, complete association 
occurs at the following detergent concentrations : 
0-046 M; 0-012 M; 0-0018 M. 

Electrophoretic examination under these conditions 
demonstrates the formation of complexes between 
the protein and detergent ions, and it seems clear 
that the latter have the property of linking two A 
molecules. If sf@phate ions are effective as a result 
of two negative charges, then detergent ions with 
only one negative charge must act partly by nature 
of their non-polar chains. The greater effectiveness 
of the longer chains at a given molar concentration 
would thus be expected. 

Higher concentrations of detergents than those 
necessary for complete association lead to an apparent 
breakdown of the protein and probably the formation 
of additional complexes. 


NATURE 


April 15, 1950 vo 


A detailed account of this work is in prepa 


. ition, 
and will be published elsewhere. 


* Johnson, Trans. Faraday Soc., 42, 28, 36 (1946). 
* Tiselius and Gross, Koll. Z., 66, 11 (1934). 


*Svedberg and Pedersen, “The Ultracentrifuge”, pp. 356 
(Oxford, 1940). 


* Lundgren, Nature, 188, 122 (1936); 148, 896 (1939). 
* Brohult, J. Phys. and Coll. Chem., 51, 206 (1947). 
* Gutfreund and Ogston, Biochem. J., 40, 432 (1946) 


AMERICAN CRYSTALLOGRAPHIC 
ASSOCIATION 


N January | two Societies, the American Society 

for X-Ray and Electron Diffraction and the 
Crystallographic Society of America, were officially 
ended, and a new one, the American Crystallographi: 
Association, came into existence in their place. A 
few of the events leading up to this decisive step are 
as follows. 

The Crystallographic Society of America (originally 
the Crystallographic Society) grew out of a series of 
informal meetings in Cambridge, Massachusetts, 
which were started in 1938 by crystallographers in 
the vicinity, chiefly from Harvard University and 
the Massachusetts Institute of Technology. The last 
meeting before the entry of the United States into the 
Second World War was held in April 1942, and, largely 
because of its local nature, the Society suspended 
its activities for the duration of war. In 1945, it 
was revived on a national basis and has held a spring 
meeting every year to date. Its membership grew 
to 236, and the Society has published one memoir. 
The American Society for X-Ray and Electron 
Diffraction grew out of a meeting of men of science 
in New York in 1940. It was officially organised on 
a national basis by a committee at Gibson Island in 
1941. Two meetings have been held annually to 
date. The Society has grown to a membership of 
520 and has published two monographs and a very 
useful six-monthly bibliography. 

At the end of the War it became apparent to a 
few that it was unwise for two groups, with interests 
becoming increasingly identical, to divide their 
activities. The suggestion of a combined society was 
more and more discussed in the years following 1945; 
but it was not until two years ago that official action 
was taken. In August 1948 a joint committee of the 
two Societies was formed, which, in consultation with 
the Committee on Crystallography of the National 
Research Council, drew up a proposal which was 
circulated among all members. The two Societies 
each held a business meeting, and at both of these 
the final votes indicated an overwhelming trend in 
favour of the proposed new organisation. The final 
step was taken on August 18, 1949, when a postal 
ballot was taken from members on the question of 
forming @ new society, the combined vote being for, 
472, and against, 40. With this ballot was sent a 
proposed constitution and a questionnaire to serve as 
guide to future policies, and, on the basis of this 
questionnaire, the name was established as the 
American Crystallographic Association, with terms of 
reference “...to promote the study of the 
arrangement of atoms in matter, its causes, its nature 
and its consequences, and of the tools and methods 
used in such studies”’. 

In December 1949 a postal ballot was held for the 
election of officers, with the following results: 
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President, I. Fankuchen, Polytechnic Institute of 
Brooklyn ; Vice-president, R. W. G. Wyckoff, National 
Institute of Health; Secretary, H. T. Evans, jun., 


Philips Laboratories, Inc., Irvington-on-Hudson, 
N.Y. and Treasurer, J. Karle, Naval Research 


Laboratories. Thus at the beginning of this year the 
\merican Crystallographic Association was firmly 
established. The charter membership now stands at 
495, and plans have been made for the first meeting 
to be held this month at Pennsylvania State College. 
Two meetings will be held yearly, and the publications 
und activities of the two former Societies will be 
continued and expanded. 


MECHANISM OF COMBUSTION IN 
GASES 


N international conference on the kinetics and 
[\ mechanism of burning and combustion reactions 
n the gaseous phase was held in Paris during April 
26-May 1, 1948, in the Reunion Hall at the French 
Institute of Petroleum. The conference was organised 
by the National Centre of Scientific Research with 
the material assistance of the Rockefeller Founda- 
tion. Academic representatives of Belgium, France, 
Great Britain, Holland and the United States were 
present, and a detailed account of papers presented 
and discussions relevant thereto is to be found in 
three consecutive issues of the Revue de I’ Institut 
Francais du Pétrole et Annales des Combustibles 
Liquides (4, No. 7, 275; No. 8, 363; and No. 9, 
439; 1949). 

Within the terms of reference of this conference, 
a wide choice of subjects was presented by thirty-five 
delegates to between sixty and eighty members. It 
included, as recorded in No. 7 of the Revue, flame- 
speeds at atmospheric pressure and the influence of 
catalysts; researches on the source of issue of 
hydrocarbon ‘bandes de flammes’; slow oxidation 
of hydrocarbons ; the role of formaldehyde 
in the oxidation of hydrocarbons such as methane 
and ethylene; the slow oxidation of di-isopropyl- 
ether over the temperature-range 360°-460° C.; 
oxidation and pyrolysis—the effect of small quantities 
of oxygen on the pyrolysis of organic vapours with 
special reference to acetaldehyde; the influence of 
the nature and size of the walls on the birth and the 
breaking of reaction chains, and the action of small 
quantities of several vapours, gases and solid sub- 
stances ; propagation of flame in ethylene — air mix- 
tures; flame-movement mechanism in gaseous 
mixtures and the phenomenon of projection of active 
centres; what happens on ignition of a bubble of 
hot gas. 

No. 8 of the Révue covers papers on the mechanism 
of initiation of chains in the thermal reaction between 
hydrogen and oxygen ; the theory of burning, extinc- 
tion and stabilization of flames; processes of com- 
bustion in two stages of the higher hydrocarbons and 
their derivatives; the emission and absorption 
spectra of the hydroxy! radical in various flames at 
low pressure; mechanism of combustion of a pure 
cyanogen flame and its decrease in radiation when 
hydrogen, chlorine or nitrous oxide is present; an 
account of research into the mechanism of com- 
bustion of methane; vapour tension and heat of 
sublimation of carbon. 

Included in No. 9 are studies in the kinetics and 
inhibition of burning methane ; the active combustion 
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of methane; the temperatures of spontaneous 
burning of air — diethyl! acetate mixtures ; the influence 
of the state and of the evolution of walls on burning 
temperatures with air — hexane mixtures; _ kinetic 
study of diethyl—acetal-air flames and air—-n- 
hexane ; the technique of using a mass spectrometer 
to detect reaction intermediates in the decomposition 
and combustion of simple hydrocarbons. A method 
is described for measuring efficiencies of fast reactions 
of atomic hydrogen with olefins. It is also shown 
that reactivity of any particular bond in a hydro- 
carbon may be affected by neighbouring groups in 
the molecule. Concluding papers discuss influence of 
walls and gas diluents on the sphere of inflammability 
of hydrogen; the use of free valence number in 
studies of chemical reactivity ; the influence of a 
special change of size of the open end of a cylindrical 
tube on flame propagation in gaseous mixtures ; 
certain hypotheses adopted in calculating speeds of 
deflagration from measurements in a_ spherical 
bomb, and finally the influence of turbulence on the 
mechanism of combustion reactions in the gaseous 
phase. Altogether, this is a most comprehensive 
exposition of an extremely complex subject. 
H. B. MILNER 


NATIONAL RESEARCH COUNCIL 
OF CANADA 
REVIEW FOR 1948 


HE review of the National Research Council of 

Canada for the year ended December 31, 1948*, 
describes the work of the Council in rather greater 
detail than is done in the annual report and, besides 
a directory of staff and list of research grants, includes 
a more up-to-date account of the activities of the 
year. The staff employed by the Council numbered 
more than 2,700, and, of the thousand skilled workers 
employed on the Atomic Energy Project at Chalk 
River, half were men of science. Progress at Chalk 
River in operations and in scientific output con- 
tinued ; the experimental NRX reactor (heavy-water 
pile) gave the highest neutron flux density of any 
research pile then in existence, and, in addition, 
opportunities for fundamental investigations. per- 
mitted irradiation of nearly six hundred samples for 
the production of radioactive isotopes. The Isotopes 
Branch distributed forty different isotopes to twenty- 
two institutions. The Chemical Engineering Research 
Branch was enlarged, and a new laboratory was being 
constructed for the separation of isotopes. As a result 
of co-operation, many centres in Canada started 
working on the use of radioactive isotopes as tracers 
in agricultural, biological, medical, chemical, physical 
and metallurgical research. 

A more reasonable balance was established between 
applied and fundamental research in the Division of 
Applied Biology. Work continued on refrigerated 
storage of meat, processing of liquid and dried eggs, 
and dairy products, in which it was found that the 
baking properties of sugar-egg powders improve as 
the size of the atomizer nozzle is reduced, within 
practical limits. Considerable progress was made in 
the adaptation to Canadian requirements of the Fritz 
continuous butter machine. Interesting results were 
obtained with dried whey as a component in sponge 


* National Research Council of Canada. Review, 1949. (N.R.C, 


No. 1997.) Pp. 252. (Ottawa: National Research Council of Ca 
1949.) 75 cents. 
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cakes, and good results were obtained on two ship- 
ments of frozen fish, using new freezing-mixtures in 
railway refrigerator cars. Progress was made in the 
production of glycerol by fermentation of beet 
molasses, and papers of the glassine or parchment 
type were obtained from several cereal straws. 
Construction of the Prairie Regional Laboratory 
advanced during 1948, and three laboratories began 
operating, for bacteriology, mycology and fermenta- 
tion chemistry ; a fourth laboratory, for antibiotics 
and enzyme chemistry, was due to be staffed. 

The Division of Building Research concentrated 
attention on questions of building practice in relation 
to house construction, including studies of the con- 
struction of houses built without basements but 
resting on flat concrete slabs and of cavity-wall 
construction. In the Division of Chemistry, photo- 
chemical and other kinetic investigations on acetone, 
acetaldehyde, ethylene oxide and hydrocarbons 
yielded information on the reactions of the free 
radicals involved, and radioactive carbon was used 
to label functional groups so as to follow their course 
in ~photochemical reactions. The compressibility of 
helium was measured with a high degree of accuracy 
in the range 0-600° C., and work continued on the 

‘infra-red absorption spectra of complex organie com- 

pounds, including deuterium-enriched compounds, and 
on the acid dyeing of wool. In addition to its service 
functions, the Applied Chemistry Branch carried out 
numerous investigations in such fiexis as textiles, 
rubber, protective coatings and organic synthesis, 
mainly directed towards the application of new 
scientific knowledge in chemical industry. 

Basic investigations by the Division of Mechanical 
Engineering, the aeronautical laboratories of which 
provide research, development and testing facilities 
for the Canadian aviation industry and also function 
as the research organisation of the Royal Canadian 
Air Force, included further work on the control and 
stability of tailless aircraft, the behaviour of turbines 
under low-temperature conditions and the icing of 
turbines. The engine laboratery was in the process of 
being modified to accommodate jet and propeller-jet 
units, and the facilities of the model-testing basin 
were extended by the provision of self-propulsion 
equipment. Further work was done on the model of 
the Fraser River for the Department of Public Works, 
and problems in connexion with the use of fuels and 
lubricants at low temperatures continued to be a 
major activity. During the year 1949-50 one hundred 
and eleven projects were scheduled for support by 
grants-in-aid under the Division of Medical Research, 
including fundamental research on such subjects as 
physiology and biochemistry of muscular activity ; 
cellular development; growth destruction and re- 
generation; the physiology and biochemistry of 
nervous and special sense activity; mechanisms of 
secretion ; metabolic studies, including the role of 
vitamins; studies on blood constituents, including 
the cells; enzymes; lipids and clothing agents. 

In the Division of Physics, progress was made in 
planning and building the laboratory for a spectro- 
scopy group, and an investigation was started on the 
influence of the magnetic field of the earth on cosmic 
rays. A new type of accelerator which produces 4-5 
MeV. electrons was substantially completed, some of 
the equipment for geophysical prospecting was modi- 

fied for measuring the depth of glaciers, and the fac- 
tors affecting the resolving power in a print were ex- 
amined by a projection. A study was also being made 
of methods of applying Shoran radar technique in 
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measuring the distance between two fixed points on 
the ground with an accuracy sufficient for geodetic 
purposes, and in determining the position of a) air. 
craft, engaged in taking photographs, at intervals 
along a flight line. A fully automatic ionospheric 
recorder was being developed for the study of radio. 
wave propagation, and a simplified, low-cost marine 
radar set developed for the use of Canadian shipping 
was in the process of being produced by a Canadian 
manufacturer. Trials were conducted to obtain a 
comparison on the three- and ten-centimetre hands 
of the interference to radar equipment caused by rain 
and snowstorms. 


LIBRARY STATISTICS IN THE 
UNITED STATES 


NDER the title “Statistics of Libraries in 
Institutions of Higher Education, 1946—47”’, the 
Research and Statistical Service of the Office of 
Education has issued as Chapter 6 of the Biennial 
Survey of Education in the United States, 1946-48, 
&@ summary of the distribution and status of library 
service in higher educational institutions in the 
United States, and some interpretation of the detailed 
statistics tabulated*. The pamphlet was prepared 
by W. O. Mishoff and E. M. Foster, and is based on 
library reports from 1,345 institutions, or 79-1 per 
cent of such institutions in the United States, and 
including 680 of the 779 colleges and universities and 
175 of the 265 professional and technological schools. 
Analysing the returns, the report points out that 
colleges and universities added an average of 2-0 
books per student to their stocks, professional and 
technological schools adding 1-8 books. Of 1,311 
institutions reporting this item, the number that 
made additions during the year fell into the following 
ranges of number of volumes: less than 1,000, 591: 
1,000-4,999, 594 ; 5,000-24,999, 107 ; and more than 
25,000, 19 volumes. Moreover, while 26-5 per cent 
of the universities and colleges reporting added fewer 
than a thousand volumes, 1 per cent acquired fifty 
thousand or more volumes, and 0-6 per cent of the 
professional and technological schools added from ten 
to fifteen thousand volumes. Of the total holdings, 
colleges and universities accounted for 83-3 per cent 
and professional and technological schools for 6-7 per 
cent, eleven of the former owning one million or more 
volumes. Inter-library loans totalled 101,866 volumes, 
and 93,093 volumes were borrowed from other 
libraries by those of higher educational institutions. 
Only 161 libraries were open for eighty hours or 
more per week ; but 555 were open for 60-79 hours 
and 490 for 40-59 hours. The total operating expend- 
iture exceeded 34-6 million dollars or almost double 
that of 1939-40, but expenditure per student only 
increased from 15-3 to 18 dollars; in colleges and 
universities it averaged 39-2 dollars, and in pro- 
fessional and technological schools 15-7 dollars per 
student. Of colleges and universities, nineteen spent 
300.000 dollars on more library operations; but 
thirty-eight spent less than 3,000 dollars. Library 
services employed 8,511 full- and 2,106 part-time 
workers, and, while nine colleges or university 
libraries employed more than a hundred library 
workers, 121 employed onlv one. 


* Federal Security Age : Office of Education. Biennial Survey 
of Education in the Uni States, 1946-48. Chapter 6: Statistics 
of Libraries in Institutions of Higher Education, 1946-47. Prepared 
by Willard O. Mishotf and Emery M. Foster. Pp. v +49. (Washington, 
D.C.: Government Printing Office, 1949.) 20 cents. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 


No notice is taken of anonymous communications 


Oriented Protein in Chitinous Structures 


Tue chetw of Aphrodite aculeata, a large errant 
polychete, lose upwards of 65 per cent of their weight 
on extraction with i0 per cent potash or diaphanol. 
The surviving transparent bristle consists of chitin 
(polyacetylglucosamine). The alkali extract of 
alcohol-fixed bristles gives the colour reactions of 
certain amino-acids—of tryptophane, for example— 
suggesting the presence of protein’, and Dr. C. H. 
Brown (who kindly examined for us fresh material 
from the related genus Hermione) has obtained positive 
Millon and arginine and negative cystine reactions. 
Swelling tests show that salt-linkages and S—S 
linkages play but little part in determining the 
stability of the material, while the complete 
solubility of both Hermione and Aphrodite bristles 
n 10 per cent aqueous sodium hypochlorite suggests 
that the material removed by potassium hydroxide 
or diaphanol is an aromatically tanned protein. 
Sections of the base of Hermione chet gave positive 
argentaffin and diazo reactions—indicative of the 
presence of dihydroxyphenols*. These results agree 
with those of recent work on the chet of the earth- 
worm, Allolobophora longa*. 

X-ray photographs of Aphrodite bristles exhibit a 
number of meridional reflexions which disappear on 
treatment with dilute aqueous potash or diaphanol. 
Using a fine collimator (0-25 mm. x 60 mm.) and 
exposing for 72 hr. and more, X-ray photographs 
have been taken of untreated specimens from a num- 
ber of chitinous structures from different animal 
phyla. In most instances extra reflexions were 
present on the meridian, as shown in the accompany- 
ing table. 

| 
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Spacings in Angstrom units 























Palinurus | <Aeschna | Strez Limulus ; Aphrodite | Loligo | 
6-15 w-m 627w | 
5-68w | 5:56vw | 
45lw-m 43570 | 450m | 4:20 w-m | 
3-73 w , 70vw | 3-67 w 


| 3-03? vw | 





Intensities expressed relative to 002 (strong): m — medium; w= 
weak ; vw = very weak 


Of these various chitins, Loligo pen and Palinurus 
apodeme are internal, translucent and not obviously 
sclerotized, whereas Aphrodite and Sirex are con- 
siderably sclerotized ; Aeschna apodemes are sclerot- 
ized but excessively small, and the X-ray photo- 
graphs obtained from ‘them are very thin. Limulus 
carapace, on the other hand, is impregnated with a 
protein stabilized by S—S _ linkages‘. Omitting 
Aeschna and Limulus, the table suggests that there 
may be some correlation between the degree of 
sclerotization (impregnation with tanned protein) 
and the presence of extra reflexions on the meridian. 
This in turn implies that the tanned protein may be 
oriented rather than disoriented. Dr. K. M. Rudall 
informs us that he has obtained evidence of a com- 
plete series of orders from 1 to 10 of meridional 
spacings in photographs of the ovipositor of Sirezx. 
The spacings observed by him agree well enough with 
those listed by us both in location and intensity. 
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The untreated bristles of Aphrodite are positively 
birefringent with respect to their length (slow direction 
parallel to the long axis). If this were structural 
birefringence due to polyacetylglucosamine, the bi- 
refringence of the treated bristle when immersed in a 
liquid of the same refractive index as the untreated 
bristle should be the same as that of the untreated 
bristle. The path difference of each of ten chetzx 
was measured in each of a series of liquids of known 
refractive index at room temperature with a Berek 
compensator, using an eyepiece-filter of wave-length 
0-55u. In each liquid the behaviour of Becke’s line 
was recorded, as well as the path-difference (curve 1). 
The signs > and < indicate that the refractive index 
of the bristle is greater or less than that of the im- 
bibing liquid. At the end of this set of measurements, 
the ten bristles were extracted with potash, and the 
measurements of path-difference repeated (curve 2). 
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Refractive index of imbibing liquid 


The refractive index of the untreated bristles is 
between 1-57 and 1-59. Since the extracted bristles 
are negatively birefringent (intrinsic birefringence of 
polyacetylglucosamine) over the range of refractive 
indices from 1-51 to 1-66 (curve 2), the positive 
birefringence of the untreated bristle must be intrinsic 
birefringence, and hence the material removed by 
extraction with dilute potash is in part oriented. The 
value for the refractive index of the untreated bristle 
is within the range of values recorded for muscle, 
for example, and is not incompatible with the view 
that oriented protein is responsible for the positive 
intrinsic birefringence of the untreated bristle. After 
extraction, the refractive index of the bristles lay 
between 1-52 and 1-56, that is, near the values 
for arthropod chitin found by Sollas®. 

Curve 1 suggests that the untreated bristles are 
almost impervious to the whole range of imbibing 
fluids, and experiments on bristles split longitudinally 
show that this impermeability is not a property of 
the external surface only. Even when new surfaces 
are exposed by splitting, the birefringence of tanned 
portions of the bristle does not vary appreciably in 
a series of liquids of different refractive index. 
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Intimacy of union between protein and polysaccharide 
is suggested by the observed resistance of untreated 
(as compared with treated) bristles to attack by 45 
per cent fuming nitric acid*. 
In view of the optical demonstration of the presence 
in the untreated bristle of oriented material other 
than polyacetylglucosamine, and of the chemical 
evidence that this material is a tanned protein, we 
are inclined to accept as a working hypothesis that the 
extra reflexions in the X-ray photograph of A phrodite 
bristles (and possibly in all the chitinous structures 
impregnated with tanned protein that we have exam- 
ined) are due to the presence of oriented tanned 
protein. The evidence for the presence of oriented 
protein in Aphrodite bristles offered here differs from 
that for the insect cuticle offered by Fraenkel and 
Rudall’. Neglecting the question of the nature of 
the association between protein and polysaccharide, 
our general conclusion is in agreement with theirs : 
we suppose that in Aphrodite bristles, as in the insect 
cuticle, oriented polyacetylglucosamine is associated 
with oriented tanned protein. 
L. E. R. PIcKEN 
W. LoTMarR 

Zoological Laboratory, Cambridge, 

and Aarau, Switzerland. 

' Picken, Biol. Rev., 15, 133 (1940). 

Pryor, Proc. Roy. Soc., B, 128, 393 (1940) 

* Dennell, Nature, 164, 370 (1949). 

* Lafon, Bull. Inst. Oceanogr. Monaco, No 850, 1 (1943). 

* Sollas, Proc. Roy. Soc., B, 79, 474 (1907). 

* Lotmar and Picken, Experientia, 6, 58 (195"'). 


* Fraenkel and Rudall, Proce. Roy. Soc., B, 129, 1 (1940); 
(1947). 
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Chemical Nature of Nuclear Sap 


In the past few years there has been considerable 
argument about the disposition within cell nuclei of 
the chemical substances, predominantly proteins, 
histones and nucleic acids, which can be extracted 
from isolated nuclei by chemical procedures'~*. It is 
the purpose of the present communication to describe 
two preliminary experiments which provide informa- 
tion as to the chemical constitution of nuclear sap. 

The first experiment has established the ultra- 
violet absorption curve of a bulk preparation of 
nuclear sap from mature oocytes of Xenopus levis. 
A hundred nuclei were isolated and cleaned in 0-2 M 
potassium hydrogen phosphate saturated with mag- 
nesium hydrogen phosphate at pH 6-4. In this 
medium the disperse phase of the nuclear sap colloids 
distends on isolation: the structural phase, on the 
other hand, remains unchanged in size and main- 
tains the disposition of chromosomes and nucleoli as 
in life. The nuclei were afterwards suspended in 
phosphate at pH 7-2, when the structural phase loses 
its rigidity and passes into colloidal solution. The 
nuclear membranes were now broken by bubbling a 
stream of air through the suspension. 
The membranes, which are hydrophobic, come 
to lie at the air-water interface or stick to 
the glass walls of the container. The container 
was now lightly centrifuged, the nucleoli and 
chromosomes collecting at the bottom of the 
tube. The supernatant liquid, which consists of a 
solution of nuclear sap, was pipetted off into a quartz 
cel! 20 mm. x 10 mm. X 2-5 mm. The tube was 
rinsed once with phosphate, recentrifuged and the 
second supernatant added to the first. The total 
volume of collected fluid was 0-25 ml. The ultra- 
violet absorption curve (Fig. 1) was obtained by 
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means of a Beckmann spectrophotometer, the contro] 
fluid being phosphate solution without nuclear sap 

It may be concluded from the shape of the absorp. 
tion curve that the nuclear sap contains little or no 
purines or pyrimidines, the broad peak at 270-280 m, 
being characteristic of cyclic amino-acids. This regy); 
confirms the observations on the absorption of nuclear 
sap determined by means of the ultra-violet micro 
scope, and circumvents some of the criticisms which 
have been levelled at the latter method. 

The second experiment consists in a preliminary 
amino-acid determination by paper chromatoyraphy 
of the acid hydrolysate of nuclear sap. Five hundred 
nuclei from mature oocytes of T'riturus cristatus were 
isolated and cleaned in an aqueous unbuffere: goly. 
tion consisting of 19 parts of 0-2 M potassium chloride 
and 1 part of 0-2 M magnesium chloride. After 
collection of the nuclei, the membranes were broken 
and discarded as described above and the suspension 
lightly centrifuged. The supernatant liquid was 
pipetted off and dried over a water bath at 100°C. 
The material was stored in a vacuum desiccator. 
Prior to the chromatographic runs, the dry materia! 
was taken up in the minimum quantity of water 
(0-5 ml.) and the proteinaceous matter precipitated 
by the addition of 0-05 ml. of 90 per cent trichlor. 
acetic acid. The precipitate was collected by centri. 
fugation and washed with 0-5 ml. of 10 per cent 
trichloracetic acid, the supernatants being discarded. 
(The supernatants gave a negative ninhydrin reaction.) 
The precipitate was now hydrolysed with 6 N hydro. 
chloric acid at 105°C. for 16 hr. The resultant 
hydrolysate was repeatedly evaporated and the 
residue, which contained a certain amount of salt, 
was extracted with 95 per cent alcohol, the extract 
being subjected to two-dimensional chromatography 
on Whatman No. | paper with phenol/water/0-1 per 
cent ammonia followed by n-butanol/acetic acid 
water. 

A tracing of the developed chromatogram is 
shown in Fig. 2. The chromatogram was not 
ideal, as it was overloaded and suffered somé 
distortion, probably owing to salt. However, the 
result suggests that the nuclear sap is complex in its 
amino-acid composition. Tryptophan is unfortv- 
nately destroyed by acid hydrolysis, so that we can. 
not say whether or not it is a constituent of nuclear 
sap. It was also impossible with the present technique 
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Fig. 1. Ultra-violet absorption spectrum of nuclear sap 
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Fig. 2. Paper chromatogram of acid hydrolysate of nuclear sap. 
1, Aspartic acid; 2, glutamic acid; 3, glycine; 4, serine; 
6, lysine: 6, threonine; 7, alanine; 8, tyrosine; 9, arginine 
(histidine if present); 10, proline; 11, valine; 12, phenylalanine ; 
18, leucine and isoleucine. The colour differentiation indicated 
by letters in parenthesis (Bl, blue; V, violet; P, pink; G, grey; 
y. yellow) was produced by 5 per cent collidine in the ninhydrin 
spray 


to determine the presence or absence of cystine and 
methionine. These questions will be examined at a 
later date. It is difficult to judge the relative quanti- 
ties of the various amino-acids, but the amount of 
arginine plus lysine plus histidine does not appear 
to be nearly as great as would be expected were basic 
proteins such as histone present in considerable pro- 
portion. Moreover, the nuclear sap contains glycine 
and threonine: these acids have not been found in 
calf thymus and rat-liver histone preparations’®. 
Finally, as a check on the ultra-violet absorption 
curve, the chromatogram was photographed in ultra- 
violet light*. The photographs were a complete 
blank, though control spots of purines and pyrimidines 
under the same conditions and containing 10 pgm. 
were readily detectable. 

It may be concluded from these experiments, which 
are of a preliminary nature only, that the nuclear 
sap of amphibian oocyte nuclei contains no detectable 
nucleic acid, nor does it contain a large proportion 
of basic proteins. We would emphasize that these 
conclusions apply only to the nuclei which we have 
studied : these have been selected on account of the 
ease with which they may be isolated and fractionated. 
It may be that the nuclear sap of other nuclei has 
other constituents. 

G. L. Brown 

Medical Research Council, 

Biophysics Research Unit, 

King’s College, London, W.C.2. 
H. G. Canian 
Animal Breeding and 
Genetics Research Organisation, 
Agricultural Research Council, 
Institute of Animal Genetics, 
Edinburgh 9. 
G. Lear 
Biochemistry Department, 
University, Glasgow. 
Dec. 2. 
‘Stedman, E., and Stedman, E., Nature, 152, 267 (1943). 
Callan, H. G., Nature, 152, 503 (1943). 
* Stedman, E., and Stedman, E., Nature, 152, 503 (1943). 
*Caspersson, T., Nature, 153, 499 (1944). 


Seti, J. N., and Lawrie, R. A., Biochem. J. Proe., 43, xxiv 
948). 


‘Markham, R., and Smith, J. D., Nature, 163, 250 (1949). 
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Synthetic bisQuaternary Salts Related 
to d-Tubocurarine 


In the search for synthetic curarizing agents, a 
number of bisquaternary salts simulating the bis- 
quaternary compound, d-tubocurarine (IV), have 
previously been prepared?.?. 

We now record the preparation of a number of bis- 
quaternary salts of the types (I), (II) and (III) which 
have certain structural features in common with 
(IV). In particular, they contain two asymmetric 
centres, and compounds of type (ITI) also have the 
‘meta-ether linkage’ which is present in (IV) but 
not in the less active isochondrodendrine dimethiodide 
and O-methylisochondrodendrine dimethiodide*. [As 
will be described in a later publication, they were 
synthesized from the appropriately substituted di- 
ketones (V) which were prepared by the methods 
of Dilthey, Bach, Griitering and Hausdérfer* and 
Tomito®, converted into the intermediate diamines 
by the following conventional methods, each having 
certain limitations, and thence into the desired bis- 
quaternary salts: (a) reduction of the corresponding 
dioxime ; (6) reduction to the dicarbinol, followed 
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by bromination and subsequent reaction with the 
respective amine; (c) aminative reduction. 

Theoretically, these bisquaternary salts can exist 
in two optically inactive forms; but our products are 
believed to be nearly or completely homogeneous 
in this respect. Three of our products are amorphous 
(though with nearly correct analyses); but this is 
probably due to the presence of impurities resulting 
from slight decomposition of the type recently 
described by Norcross and Openshaw‘ and Raison’. 

Each compound was tested by one of us (G. A. M.) 
for paralysing activity on rat and mouse diaphragms 
and by intravenous injection in the mouse (toxicity), 
rabbit (paralysis), decerebrate guinea pig (relaxation 
of fore-leg rigidity) and anzsthetized cat (nembutal : 
paralysis of soleus to sciatic stimulation). Some of 
the results are summarized in the following table. 
Activities are relative to d-tubocurarine chloride 
pentahydrate (taken as 100) and are not more than 
an indication of the order of potency, since the 
activity of each compound is based on a few experi- 
ments only, for example, from an average of three 
rabbits and two cats. 





PARALYSING ACTIVITIES AS PERCENTAGES OF POTENCY OF 
d-TUBOCURARINE CHLORIDE 


Type A. General formula 
(I; NA'R*R® = NMe,) 
R Salt Rabbit Cat 
(intraven.) (intraven.) 
H I~ 10 20 
Me I- 20 30 
Et i 10 3 
n-C,H, . 20 10 
n-C,H, I- 10 20 
n-C,H,, Br- 20 10 
n-C.H, cr 20 5 
n-C,H iy Br- 7 3 
a3 cr 12 2 
C,H, Me-p cr 10 5 
CH,.Ph Br- 5 8 
Type B. General formula 
a: RB p) 
NR'R*R* 
NMe,Et I- 20 6 
NMe,CH,Ph Br 30 10 
)y H a 50 30 
Me 
Me 
t-— 
N H oO I-t 10 20 
_ ee . 
Type C. Formula (I; 
-n—C,H,;, NRUR*R = 
Br- 100 30 
Type D. General formula (II) 
R 
Me I- 15 12 
CH,.Ph Br-t 15 7 
Type Z. General formula (III) 
R 
Me = 10 8 
CH,.Ph Int 2-5 4 
Type F. Formula (VI) 
10 7 


t Amorphous 


Since the potent calabash curare alkaloids contain 
only one quaternary centre*, we also prepared the 
monomethiodide (VI); it had similar activities to 
the dimethiodide in the rat and mouse diaphragm, 
but was distinctly less active in the larger animals. 

All these compounds showed marked species varia- 
tion in activity relative to d-tubocurarine, which was 
more active than any member of the series. No 
obvious relationship between structure and activity 
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was seen, though the higher activities associate. 
the piperidine ring are perhaps noteworthy. 
We are indebted to Drs. J. W. Trevan and 
Adamson for their advice and interest. 
F. C. Cop 
G. A. Mocery 


With 
D. W. 


Wellcome Research Laboratories, 
Langley Court, 
Beckenham, Kent. 


* Paton, W. D. M., J. Pharm. and Pharmacol., 1, 273 (1949 
* Collier, H. O. J., and Taylor, E. P., Nature, 164, 491 (19 


"Marsh. D. F., and Pelletier, M. H., J. Pharm. Exp. Ther., 2, 454 
(1948). 


ag aahes W.. Bach, E., Gritering, H.. and Hausdérfer, E., /. pra, 
Chem., 117, 337 (1927). 

*Tomito, M., J. Pharm. Assoc., Japan, 54, 897 (1934). 

* Norcross, G., and Openshaw, H. T.. J. Chem. Soe., 1174 (149), 

* Raison, C. G., J. Chem. Soc., 2070 (1949). 

* Henry, T. A., “Plant Alkaloids’, 380 (4th edit., Churchill, London 


Paralysing Activity of some Further Hetero. 
cyclic Decamethylene-x..-bis Quaternary 
Ammonium Salts 


In our recent communication on the synthesis and 
paralysing activity of a series of heterocyclic bis. 
quaternary ammonium salts', we directed attention 
to the fact that introduction of a methoxy] group into 
the nucleus increased the activity of the parent 
compounds. We have now synthesized further com- 
pounds of the type already described but containing 
more than one methoxyl group. We find that 
decamethylene-xw-bis 6.7-dimethoxy 1.2.3.4-tetra- 
hydrotsoquinolinium methiodide (14) is more active 
than the corresponding 6-methoxy compound (12), 
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| Q halide, where general formula is 
Q halide 
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PAR\LYSING ACTIVITY AND TOXICITY OF DECAMETHYLENE-a@-bisQUATERNARY AMMONIUM HALIDES IN THE MOUSE AND THE RABBIT 
All values in mgm. per kgm. body-weight 
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Approx. | 
M.L. | 





Approx. 
( ound ED 50 LD 50 M.E.D. D 
‘0. (CH), mouse mouse | rabbit rabbit 
‘\ . | | | | 
| Q halide | | 
_ Ne eee ee 
12 | 6-Methoxy 1.2.3.4-tetrahydroisoquinolinium methiodide 0-9 | 3°3 | 0-2 0-5 
; | 6.7-Dimethoxy itsoquinolinium iodide 1°8 2-7 >1°0 - 
4 6.7-Dimethoxy 1.2.3.4-tetrahydroisoquinolinium meth- 
iodide 0°35 0-t 0°05 0-1 
, 6.7.8-Trimethoxy 1.2.3.4-tetrahydroisoquinolinium 
methiodide 0°3 | 0°5 0-02 0-04 
3 6-Methoxyquinolinium iodide 1-3 | 6 >40 — 
5 | 8-Methoxyqu nolinium iodide 0°38 1-1 | 0-2 0°5 
6 6.7-Dimethoxy quinolinium iodide 0-4 | 0-8 0°15 0-3 
*17 | 6.7-Methylenedioxy 1.2.3.4-tetrahydroisoquinolinium 
methiodide 1-2 B-2 0°25 0°5 
*18 6.7-Methylenedioxy 8-methoxy 1.2.3.4-tetrahydroiso- 
quinolinium methiodide 0°85 1°25 0°12 4 
Quinolinium iodide 0-9 5-4 4°5 12 | 
e2 1.2.3.4-Tetrahydroisoquinolinium methiodide 0-9 2-5 0°75 2°5 
*19 Trans-Decahydroquinolinium methiodide 0-75 1-05 0-1 0-2 
Decamethonium iodide (C10) 0-6 0-9 0°15 <0°2 
d-0.0-Dimethy! tubocurarine iodide 0-12 0-2 0-01 0-03 
* Tested and found to be antagonized by neostigmine. 


and that the 6.7.8-trimethoxy compound (15) is still 
more active. Compound 15 abolishes the righting 
reflex of rabbits at an intravenous dose of 20 ugm. 
per kgm. We believe that in the rabbit this compound 
is the most active purely synthetic paralysing sub- 
stance yet reported. It is about seven times as 
effective as decamethonium iodide in abolishing the 
righting reflex of this animal. It is worthy of note 
that compound 15 is antagonized by neostigmine. 

The high activity of compounds 14 and 15 is of 
particular interest because of their exceedingly close 
chemical relationship to d-0.0-dimethyl tubocurarine 
iodide, as shown in the formule. 

It is interesting to note that d-tubocurarine chloride 
is a little less active in the rabbit than it is in the 
mouse ; d-0.0-dimethyl tubocurarine iodide, on the 
ther hand, is about twelve times as active in rabbit 
as in mouse, while compound 15 is about fifteen 
times as active in rabbit as in mouse. 

We found that the rule that methoxylation in- 
eases the paralysing activity of this type of com- 
pound is further borne out in the following examples. 
rhe dimethoxy quinoline compound (16) is more 
active than the corresponding monomethoxy com- 
pounds (3,5). Likewise the 6.7-methylenedioxy-8- 
methoxy tetrahydroisoquinolinitum compound (18) 
is more active than the 6.7-methylenedioxy com- 
pound (17). 

In our previous communication we also stated that 
reduction of the heterocyclic nucleus to give the 
tetrahydro derivative increased paralysing activity. 
This was in agreement with the observation of Ing 
and Wright*. We have since found that complete 
reduction of the nucleus to the decahydro form (see 
compounds 1, 2 and 19) still further enhances 
paralysing activity. 

In the table we give the paralysing and toxic 
«tivities in the mouse and rabbit of (a) the com- 
pounds synthesized since our previous letter went 
to press, and (6) some of the previous compounds 
(1, 2, 3 and 5) for comparison. The numbering of 
compounds is continued from the previous note. 
The pharmacological techniques were similar to those 
previously employed. 

We wish to express our thanks to Mr. W. C. Austin 
for help in the chemical work, and to Miss M. P. 
Hatton and Mr. R. A. Hall for help in the pharmaco- 


logical work. We also wish to thank the directors 
of Allen and Hanburys, Ltd., for permission to pub- 
lish this communication. 

Note added in proof (March 27). Buttle and 
Zaimis* have recently described the administration 
of paralysants to birds. While compounds with a 
curare-like action cause a flaccid type of paralysis, 
Buttle and Zaimis have found that decamethonium 
iodide and related compounds produce a spastic type 
of paralysis. We have administered compounds 14 
and 15 to chicks; and each produces a flaccid type 
of paralysis. In view of this, and of their antagonism 
by neostigmine, it appears likely that these two com- 
pounds are true curarizing agents. 

E. P. Taytor 
Research Laboratory, 
H. O. J. CoLirer 

Pharmacological Laboratory, 

Allen and Hanburys, Ltd., 
Ware, Herts. 
Dec. 23. 
* Collier, H. O. J.. and Taylor, E. P., Nature, 164, 491 (1949). 
* Ing. H. R., and Wright. W. M., Proc. Roy. Soc., B, 114, 48 (1934). 


* Buttle. G. A. H., and Zaimis, E. J., J. Pharm. Pharmacol., 1, 991 
(1949). 


Enzymatic Degradation of Desoxyribose 
Nucleic Acid by Desoxyribonuclease 


In connexion with the communication by G. 
Jungner, I. Jungner and L. G. Allgén! on this subject, 
we would like to mention some strikingly similar 
results concerning the mode of action of desoxyribo- 
nuclease which we have obtained. 

It is well known that basic dyes, such as methylene 
blue, precipitate nucleic acids by formation of poorly 
soluble methylene blue nucleinate. Two methods of 
following the action of desoxyribonuclease have been 
compared : a viscosimetric one, and the precipitation 
reaction with basic dyes. If we plot the amount of 
basic dye combined with desoxyribose nucleic acid 
and the viscosity of its solution against time of 
enzyme action, we find that the precipitability with 
methylene blue begins to diminish slightly after 
several hours, whereas the viscosity drops immediately 
and reaches a constant value before the precipitability 
changes, as illustrated in the diagram. 
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Conditions of the experiment. A 0-66 per cent 
solution of sodium desoxyribose nucleic acid in a 
veronal-acetate buffer (pH 7-6) containing 0-006 N 
magnesium ions was used at a temperature of 37° C. 
The enzyme was prepared by McCarty’s* procedure. 
The control experiment shows no change of viscosity 
and is not included in the diagram. The curves we 
obtained are very similar to those obtained by 
J. Jungner et al. on acid precipitability and viscosity?. 

The reason why precipitability with methylene 
blue follows the same course as acid precipitability 
is that both hydrogen ions and the cations of basic 
dyes precipitate nucleic acids by blocking their 
negative electric charges. 

These results suggest that no extensive changes 
occur in the electric charge of the nucleic acids during 
the first moments of desoxyribonuclease action. In 
our opinion the depolymerization cannot involve the 
rupture of internucleotide ester linkages or any other 
bond giving rise to markedly dissociated acid groups. 

This work has been undertaken to explain the poor 
results we obtained with purified desoxyribonuclease 
in cytochemical applications. In our experiments, 
purified desoxyribonuclease, although showing high 
activity by the viscosimetric technique, failed to 
remove promptly the basophilia of the nucleus. 

Further details of these and other experiments on 
related subjects will be published later. 

R. VERCAUTEREN 

Biochemical Laboratory, 

University of Ghent. Jan. 3. 
* Jungner, G., et al., Nature, 164, 1009 (1949). 
* McCarty, M., J. Gen. Physiol., 29, 123 (1946). 


A Reaction between a Deaminase and 
Heart Actin, and Inhibition of the 
Effect with Cardiac Glycoside 


IN a previous paper', we have shown that when 
preparing heart actin a contamination followed the 
actin. This contamination, which apparently is a 
deaminase, acted on the adenosine triphosphate in 
the actin and thus prevented the polymerization of 
the actin to a very great extent. A little adenosine 
triphosphate added to the solution from outside 
strongly catalysed the effect of the deaminase. 

Some experiments with cardiac glycosides (‘Digi- 
total’, Astra) showed that these substances could 
prevent the effect of the deaminase. It was possible 
to dialyse out an inosine derivative from actin pre- 
pared in the usual way; but from actin extracted 
with water containing ‘Digitotal’ an adenyl 
derivative was obtained, thus showing that the 
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actin is obtained which to a small degree can be 
polymerized ; but after adding ‘Digitotal’ to such 
a solution a great increase in the polymerization can 
be obtained. Electron micrographs show that the 
glycosides added to a solution of G-actin prevent that 
peculiar kind of aggregation which occurs when the 
actin is contaminated with deaminase’. F-actin 
obtained from the heart actin treated with ‘Digitotal’ 
resembles that of F-actin obtained from cross-striated 
muscle. 

Thus a great part of the effect of the glycosides 
on the heart seems to be prevention of the destruction 
of actin. 

A mere detailed description of this work wil! be 
given later. The investigation is financially supported 
by the Swedish Natural Science Research Council. 

Otte SNELLMAN 
Berti GELOTT! 
Institutes of Biochemistry and Physical 
Chemistry, Uppsala. Jan. 18. 
* Snellman, 0., and Gelotte, B., Ezp. Cell Res. (in the press). 
* Horvath, 1., Kirdly, C., and Szerb, J., Nature, 164, 792 (1949 


Metabolism of Nicotinic Acid and 
Related Compounds by Humans 


EARLIER investigations have been more or less 


confined to the study of the urinary excretion of: 


N-methylnicotinamide after ingestion of nicotinic 
acid, nicotinamide, N-methyl-nicotinamide chloride 
or trigonelline'*, or after ingestion of tryptophane**. 
By studying the excretion of N-methyl-2-pyridone-5- 
carboxylamide in addition to other metabolites, we 
have recently obtained more detailed information on 
the metabolism of nicotinamide’ and N-methyl- 
nicotinamide chloride*, on the conversion of trypto- 
phane to nicotinic acid’, and have examined and 
excluded the possible conversion of N-methy!-2- 
pyridone-5-carboxylamide in the body to the corre- 
sponding acid*. We have now studied, in addition, 
the metabolism of nicotinic acid and trigonelline, 
and have attempted in the present communication 
to co-ordinate existing knowledge. 

The combined results of our experiments are 
summarized in the accompanying table. An exam- 
ination of the table shows the following points : 

(1) The greater part of a dose of nicotinic acid, 
nicotinamide or N-methyl-2-pyridone-5-carboxyl- 
amide could be accounted for in the urine. With 
N-methyl-2-pyridone-5-carboxylamide, 76-77 per 
cent of the dose was excreted unchanged. The 
compound appears, therefore, to be an end-product 
of metabolism. 
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(2) Only 18-24 per cent of the dose of N-methyl- 
nicotinamide chloride could be accounted for in the 
urine, and it seems probable that considerable 
destruction of the compound occurred before it could 
be oxidized to the pyridone. 

(3) The earlier conclusion of Ellinger and Coulson! 
and Perlzweig and Huff*, that trigonelline plays no 
part in nicotinic acid metabolism, is supported, since 
neither N-methylnicotinamide nor N-methyl-2-pyri- 
done-5-carboxylamide was produced from trigonelline. 
It is interesting to note, however, that there was a 
slight conversion of trigonelline to N-methyl-2- 
pyridone-5-carboxylic acid. 

PROPORTION OF A 500-MGM. ORAL DosB OF VARIOUS COMPOUNDS 
WHICH CAN BE ACCOUNTED FOR IN THE URINE AS MBTABOLITES OF 
NICOTINIC ACID 


Percentage of dose excreted in urine® as 





Total | | | 

| acid | N- N- 

Compound Sub-| hydro- | N- methyl- | methyl- | 
administered ject | lysable | methyl-| 2-pyri- | 2-pyri- | Total 


No. | deriva- | nicotin- | done-5- | done-5- 






































tives of | amide | carbo- | carbo- 
nicotin- xylic xyl- | 
| fe acid | acid amide 
“Nicotinic 1 | 30 14 -_ | 33 77 
acid 2 16 13 —_— 47 76 
“Nicotin- 1 3 23 | —f 7 3 | 
amide 2 3 20 — | & 80 | 
¥ j ees | 
N-methyl- | | 
nicotin- 1 1 11 | —@ i) & 24 
amide 2 0 7 — ll 18 
chloride | | 
N-methyl- | 
2-pyridone- 1 —t —f | 0 76 76 
5-carboxyl- 2 + — | 0 77 7 | 
amide | | | 
Trigonelline | } | 
(betaine of | 1 | _ 0 2 oF 2 
N-methyl- 
nicotinic 2 | — | 0 2 1 3 
acid) | } | | 
N-methyl- | ® 
2-pyridone- 1 i -- 24 0 24 
5-carbo- 2 - — | 2 0 22 
xyliec acid | 





* Ina period of 72 hr. after the dose of nicotinic acid or nicotinamide ; 
in 48 hr. in the case of the other four compounds administered. 
+ Studied separately on a third subject and found to be zero. 


(4) None of a dose of N-methyl-2-pyridone-5- 
carboxylic acid was excreted as the corresponding 
amide, and 22-24 per cent was excreted unchanged. 
Only after ingestion of trigonelline, or the acid itself, 
was a detectable amount found in the urine. The 
acid clearly has no significance in nicotinic acid 
metabolism. 

It can be seen from the table that a much greater 
proportion of unmethylated derivatives of nicotinic 
acid was excreted in three days after ingestion of 
nicotinie acid (16-30 per cent of the dose) than after 
nicotinamide (3 per. cent). The detailed results of 
the experiment, which are not given in the table, 
showed also that the amounts of methylated meta- 
bolites (N-methylnicotinamide and N-methy]-2-pyri- 
done-5-carboxylamide) excreted after nicotinic acid 
were lower on the first day after the dose and higher 
on the second day than after nicotinamide. It would 
therefore appear that nicotinic acid is not converted 
rapidly by the body to nicotinamide, but sufficiently 
slowly to permit a considerable loss in the urine before 
methylation of the amide can occur. 

Of other possible inter-conversions not included in 
the table, those concerned with the metabolism of 
N-methy]-2-pyridone-5-carboxylic acid have not been 
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studied, since the present evidence shows that the 
compound is not of interest in nicotinic acid metabol- 
ism. With regard to the possible conversion of various 
compounds to trigonelline in the body, Perlzweig and 
Huff? have already shown that neither nicotinamide 
nor N-methylnicotinamide yields any appreciable 
amount of trigonelline in the urine. We have tested 
one subject after ingestion of nicotinic acid and 
found no evidence of conversion to trigonelline (un- 
published data). 

The combined results show that the body is 
capable of converting nicotinic acid to nicotinamide, 
nicotinamide to N-methylnicotinamide, and N- 
methylnicotinamide to N-methyl-2-pyridone-5-car- 
boxylamide. These changes do not appear to be 
reversible, and there is no evidence that any other 
inter-conversions occur. It is interesting to note that, 
although nicotinic acid is not methylated directly 
by the body, methylated nicotinic acid (trigonelline) 
ean be oxidized to a pyridone. 

W. I. M. Hotman 
D. J. DE LANGE 
South African Institute for Medical Research, 
Johannesburg. Jan. 11. 
' Ellinger, P., and Coulson, R. A., Biochem. J., 38, 265 (1944). 
* Perlzweig, W. A., and Huff, J. W., J. Biol. Chem., 161, 417 (1945). 
* Perizweig, W. A., Rosen, F., Levitas, N., and Robinson, J., J. Biol. 
Chem., 167, 511 (1947). 
* Sarett, H. P., and Goldsmith, G. A., J. Biol. Chem., 167, 293 (1947) ; 
177, 461 (1949). 
* Holman, W. I. M., and de Lange, D. J., Biochem. J., 45, 559 (1949). 
* Holman, W. I. M., and de Lange, D. J., Nature, 164, 844 (1949), 
* Holman, W. I. M., and de Lange, D. J., Nature, 165, 112 (195 ), 
* Holman, W. I. M., and de Lange, D. J., Biochem. J. (in the press). 


Change in Kidney Tubule Functions on a 
Diet Poor in Sodium Chloride 


WHEN normal individuals are put on a diet poor 
in sodium chloride, the urinary output falls to very 
low levels within a few days. This happens although 
the serum sodium and glomerular filtration-rate are 
reduced only slightly, a consideration which led us 
to question the emphasis laid by Wesson e¢ al.’ on 
sodium load as the major determinant of sodium 
excretion. Their view that small variations in serum 
sodium and in glomerular filtration-rate account for 
variations in sodium excretion is difficult to test, 
since the variations they postulate are inaccessible 
to the methods available for determining glomerular 
filtration-rate and serum sodium. 

To surmount this difficulty, we have induced sub- 
stantial variations in glomerular filtration-rate by 
infusing hypertonic saline (5 and 10 per cent) at 
rates of 5-10 ml./min. into healthy subjects, some 
on normal diet, and some on a diet of rice and fruit, 
containing less than 0-25 gm. sodium per day. There 
was & concurrent increase in serum sodium ; but this 
was small by comparison with the change observed 
in the glomerular filtration-rate. Simultaneous 
determination of inulin clearance, plasma sodium 
and urinary sodium, enabled us to compare sodium 
load and sodium re-absorption by the tubules over a 
wide range of sodium load. We used the following 
formule : 


Sodium load = plasma sodium xX glomerular filtra- 
tion-rate (inulin clearance). 


Sodium percentage re-absorption = 





(sodium load — sodium excretion) x 100 
sodium load P 
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AVERAGE AMMONIA CONCENTRATION (MGM. PER 100 ML.) OF Satrya- 
Beer BrRotu INCUBATIONS 


We have plotted sodium load against percentage 
sodium re-absorption in the accompanying figure, 
distinguishing the results obtained on a normal diet 
by a dot, and those on a salt-poor diet by an open 
circle. Sodium re-absorption is clearly much higher 
in subjects on the salt-poor diet, independently of 
the sodium load ; this change in tubular function is 
mainly responsible for the conservation of sodium 
on a salt-poor diet. 





Sodium re-absorbed (per cent) 


12 16 20 24 
Sodium load (m.equiv./min.) 





It is of interest that increased re-absorption of 
sodium persists in the subjects on a salt-poor diet 
for 1-2 hr. at least after the hypertonic saline in- 
fusion has been given. This suggests that the tubule 
cells have been conditioned to re-absorb sodium more 
actively by some mechanism which is not quickly 
reversible. Our present results, which will be pub- 
lished elsewhere in full, demonstrate the existence 
of altered tubular function after a few days on a salt- 
poor diet; but they do not define the stimulus to 
salt conservation, nor the mechanism by which such 
a stimulus can act on the tubule cells. 

D. A. K. Brack 
R. Piatt 
S. W. Sransury 
Department of Medicine, 
University of Manchester. 
Dec. 3. 


' Wesson, L. G., Anslow, W. P., and Smith, H. W., Bull. N.Y. Acad. 
Med., 24, 586 (1948). . 


Ammonia and Dental Caries 


Keset et al.'*)3 have stated that saliva from 
caries-free individuals, when incubated for eight days 
in a beef broth medium, produces a higher concentra- 
tion of ammonia (estimated by the ‘Permutit’ method) 
than does saliva similarly treated from caries-sus- 
ceptible subjects. They also stated that high con- 
centrations of alkaline ammoniura salts or Seitz fil- 
trates of incubated caries-free saliva are lethal to 
the Hadley strain of Lactobacillus acidophilus, and 
conclude that high ammonia production in the dental 
plaque may be responsible for the natural freedom 
from caries which a few individuals enjoy. 

We have repeated these experiments under con- 
ditions as near as possible to those of Kesel et al. 
The ammonia concentrations produced during an in- 
cubation of approximately one week of saliva with 
10 times the volume of beef broth were estimated by 
Conway’s method‘ and are given in the accompanying 
table, which shows that we have found no difference 





Type of No. of No. of | Average NH, Range of NH, 
subject subjects | samples | 
34 132 70-2 
8 130 85-1: 
43 122 70-2 








between the behaviour of salivas from subjects with 
different rates of caries. 

A comparison was then made of the inhihitory 
effects of certain ammonium salts with those «f the 
corresponding sodium salts on lactate production 
(estimated by the method of Friedemann and Gravser'*) 
by saliva and glucose mixtures. Neither sodium nor 
ammonium acetate inhibited; both the dibasic 
phosphates gave a weak inhibition at the beginning 
of the experiment ; and both the bicarbonates were 
strongly inhibitory—that is, the ammonium and 
sodium salts were found to act in the same way in 
each case. It is concluded that if the pH of the final 
mixture of salt and saliva exceeds 7-8, and the 
concentration and therefore buffering power of the 
salt is sufficient to maintain the pH above this figure, 
then inhibition occurs. No evidence could be found 
for any specific inhibitory power by the ammonium 
ion. 

Kesel et al. have recommended the use of a mouth 
wash and a tooth-powder containing dibasic ammon- 
ium phosphate and urea for reducing oral acid pro- 
duction, and Henschel and Lieber* have produced 
some rather equivocal evidence of a reduction in 
caries-rates following the use of the powder. We have 
confirmed that mixtures of 3 per cent urea and 
5 per cent dibasic ammonium phosphate are strongly 
inhibitory to salivary lactate production, but again 
have concluded that the ammonium ion plays no 
specific part in the inhibition. Our experiments have 
shown that 5 per cent dibasic ammonium phosphate 
powerfully inhibits the urease in saliva, a property 
shared by dibasic sodium phosphate. Since ammon- 
ium phosphate is not itself an effective inhibitor of 
lactate production (its pH is too low) and since, 
when the above mixture is added to saliva, other 
more highly alkaline salts are not produced from the 
urea Owing to the inhibition of urease, we concluded 
that urea itself was the active constituent of the 
mixture. We have confirmed this by showing that 
pure cultures of Lactobacillus acidophilus (which con- 
tained no urease) were completely inhibited in glucose 
broth containing 2 per cent urea. 

High concentrations of urea have been known for 
a long time to inhibit urease’. With mixtures of 
22-5 per cent urea and 5 per cent dibasic ammonium 
phosphate (as present in certain commercial denti- 
frices), both urease and acid-producing mechanisms 
will be inhibited by the high concentration of 
urea, and the part played by the ammonium 
phosphate is merely that of a buffer and an additional 
safeguard against the breakdown of urea. 

We do not doubt that these mixtures would reduce 
acid production and maintain a high pH in the oral 
cavity, at least for some time after use. We do not, 
however. believe that ammonium salts play the part 
which Kesel et al. stated. Whether a reduction of 
the acid-producing organisms in the saliva necessarily 
reduces dental caries is 8 controversial question, since 
a number of workers believe that the initial attack 
on the tooth is of proteolytic origin rather than an 
acid decalcification. It is possible that high con- 
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entrations of urea might interfere with proteolytic 
bacteria; but tests on this point must await the 
isolation of the organism concerned. 


A detailed account of our experiments will shortly 
be published elsewhere. 
G. Nem JENKINS 
DonaLp E. Wricut 
Department of Physiology, 
T. K. MILer 
Department of Bacteriology, 
Medica! School, 
King’s College, 
Newcastle upon Tyne. 
Nov. Il. 
Kesel, R. G., O'Donnell, J. F., Kirch, E. R., and Wach, E. C., J. 
Amer. Dent Assoc., 33, 695 (1946). 
Kese!, KR. G., O"Donnell, J. F., Wach, E. C., and Kirch, E. R., Amer. 
J. Orthodontics, 343, 80 (1947). 
Kese!l, R. G., J. Dent. Res., 27, 244 (1948) 
‘Conway, E. J., and O'Malley, E., Biochem. J., 36, 655 (1942). 
Risdemann, T. E., and Graeser, J. B., J. Biol. Chem., 100, 291 
Henschel, C. J., 
Kato, N., 


istry” 


and Lieber, L., J. Dent. Res., 28, 248 (1949). 


quoted by Baldwin, E., “Dynamic Aspects of Biochem- 
(Cambridge, 1947) 


Hzmolytic Complement and Ascorbic 
Acid 

IN @ recent communication, Traina' described the 
anti-hemolytic effect of vitamin C in complement 
and saponin hzmolysis systems. Investigations con- 
lucted thirteen years ago* showed that while ascorbic 
wid in high concentration had an inhibitory effect 
n complement activity, hemolysis by complement 
was enhanced by low concentrations. 

The method of complement estimation employed* 
msisted in the estimation of the time for complete 
wmolysis (the speed of hemolysis is a function 
f the complement concentration) of sensitized sheep 
red cells incubated at 37° C. in Dreyer agglutination 
tubes in a hemolytic system consisting of : 

z ml. 0-9 per cen sodium chloride. z ml. ascorbic acid solution 
mgm /mi., buffered to pH 7-2 (2 varied from 0 to 0-2 ml.) 
ml. 3 per cent sheep red cell suspension (standardized to a 

haemoglobin content of | gm. per 100 mil.), sensitized with 5 M.H.D. 

amboceptor. 


ml. fresh guinea-pig serum (ascorbic acid content ranged from 
8-1°28 mgm. per 100 ml.). 


The following results were representative : 
Hemolvsis time 


Mgm. ascorbic acid % of initial hemolytic 
time 


added to system (in sec.) 
0-0 90 100 
0-1 82 110 
0-2 72 125 
o-4 78 115 
0-5 80 113 
0-6 aS 102 
0-8 95 95 
10 105 86 


Estimation of the degree of hemolysis by comple- 
ment at varying time intervals yielded similar results. 
Dehydro-ascorbic acid was found to be without effect. 

Further, incubation of fresh guinea-pig serum with 
ascorbic acid added up to 5 mgm./ml. serum under 
il resulted in increased complement activity for a 
period up to seven days ; higher concentrations pro- 





lueed complete inhibition within twenty-four hours. 

Ecker et al.*, estimating the complement titre for 
initial and 50 per cent hemolysis in sera of normal 
and scorbutie guinea pigs to which ascorbic acid had 
been added, arrived at very similar conclusions. A 
correlation was also demonstrated between the 
ascorbic acid content of guinea-pig sera and their 
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complement activity, which was optimal at a con- 
centration of 1 mgm. ascorbic acid per 100 ml. serum. 

It would therefore appear that the in vitro action 
of ascorbic acid, in amounts that are physiological, 
is one of enhancement of the hemolytic effect of 
complement. 

Raps E. BERNSTEIN 
Department of Physiology, 
University of the Witwatersrand Medical School, 
Johannesburg. 
Dec. 20. 
*Traina, V., Nature, 164, 843 (1949). 
* Rernstein. R. E., Studies on Hamolytic Complement, M.Sc. thesis, 
University of the Witwatersrand (1937). 

s Give, F. W. B., “Complement or Alexin” (Oxford Univ. Press, 


*Ecker, E. E., Pillemer, L., 
Immunol., 34, 19 (1938). 


Wertheimer, D., and Gradis, H., J. 


Basophilia in the Rodent Prostate 


Durrinc the course of a cytological investigation 
of the prostate which is being carried out by one 
of us (P.L.H.D.), a strong and characteristic 
basophilia of the epithelial cells of the adult male rat 
and guinea-pig prostate was noticed after formol- 
Zenker fixation and staining with Methyl-Green 
Pyronin'. This basophilia (Fig. 1) is found throughout 
the cytoplasm except in the ‘clear’ area on the luminal 
side of the nucleus described by Moore, Price and 
Gallagher*?. (This ‘clear’ area is the region in which 
the Golgi element probably occurs.) The basophilic 
material appears to be of the nature of minute 
granules. 








: 2 


(1) Control preparation showing basal nuclei with surrounding 

basophilia separated from luminal basophilia by the ‘clear’ areas, 

(2) Similar section after incubation with ribonuclease, showing 
absence of basophilic staining. 

Both preparations are 5-~ sections of adult male guinea-pig 

prostate, stained back to back with Pyronin- Methyl Green 


In view of the recent interest in cytoplasmic 
basophilia, and its frequent association with, the 
presence of nucleic acids* and the relation between 
the latter and protein synthesis‘, it was decided to 
investigate whether this basophilia could be removed 
by digestion of sections with crystalline ribonuclease, 
according to the technique of Davidson and Way- 
mouth’, but using McIlvaine’s disodium phosphate 
and citric acid buffer at pH 7. 

One set of sections was incubated for } hr. in the 
buffer alone and the other incubated for the same time 
in the buffered ribonuclease solution (0-04 mgm. 
enzyme per c.c.) at 37°C. The control and experi- 
mental sections were stained back to back in Pyronin 
and Methyl Green, when it was found that the 
basophilia had been destroyed in those sections 
treated with the enzyme (Fig. 2). 




















































608 


One of us (C. L. F.) has produced evidence which 
suggests that Safranin-0, when perfused through 
tissues post-mortem, combines with cytoplasmic 
nucleoprotein, and in view of this, four adult male 
guinea pigs were perfused with the dye according to 
the technique described elsewhere*. It was found 
that the dye was strongly held in those regions of 
the cytoplasm which showed a basophilia by the 
Methyl Green -Pyronin technique. 

As a result of these findings, we feel there is strong 
circumstantial evidence that these basophilic granules 
contain pentose-nucleoprotein. Although the strict 
specificity of the ribonuclease reaction has been called 
to question by Stowell and Zorzoli’, if it be granted 
that the ribonuclease contained no impurities, there 
seems good reason for believing that the epithelial 
cells of these rodent prostates do contain pentose- 
nucleoprotein. Moreover, this conclusion is what 
might be expected in a gland actively producing a 
secretion which contains a high proportion of protein. 

Further experimental and cytochemical work is in 
progress, and the results will be published elsewhere. 

P. L. H. Davey 
Department of Anatomy, 
C. L. Foster 
Department of Biology, 
St. Mary’s Hospital Medical School, 
London, W.2. 
Nov. 23 


* Baker, J. R., “Cytology and Cell Physiology’’, 20 (edit. G. Bourne ; 
Oxford, 1942). 

. Moore, y R., Price, D., and Gallagher, T. F., Amer. J. Anat., 45, 71 
(1930). 


* Brachet, J., Society for Exp. Biol. Symposia, No. 1, 207 (1947). 

* Caspersson, T., Society for Exp. Biol. Symposia, No. 1, 127 (1947). 

* Davidson, J. N., and Waymouth, C., Proe. Roy. Soc. Edin., B, 62, 
96 (1943). 

* Foster, C. L., 

’ Stowell, R. E., 


J. Anat., 83, 101 (1949), 
and Zorzoli, A., Stain Tech., 22, 51 (1947). 





Muscular Contraction Induced by 
Acetylcholine and Aeration 


A MUSCLE can be made to contract by different 
stimuli. Thus, it may contract when pricked, when 
an electric current is passed through it, or if soaked 
in certain chemical substances. Among these, acety]- 
choline, when not used in excessively large quantities, 
has a reversible action and does not produce any 
alteration of muscular tissue, perhaps due to the 
fact that it plays a physiological part in the trans- 
mission of nervous influx from nerve to muscle. 

Using the usual apparatus for an investigation of 
the effect of different substances on the muscular 
contraction due to acetylcholine, the water-pump 
provjding the current of air through the liquid con- 
taining the muscle broke down, so that the Ringer 
solution was no longer aerated. Under these con- 
ditions, a dose of acetylcholine which had previously 
produced a substantial contraction produced no 
further effect. Moreover, if a ‘threshold’ quantity 
of acetylcholine is put into an unaerated liquid, 
the muscle does not contract; but as soon as 
air is passed through the liquid, the muscle shortens 
even after the acetylcholine has remained some time 
in the bath; thus the passage of air-bubbles through 
the liquid is necessary for the acetylcholine to produce 
muscular contraction. We thought that this effect 
must have been described in detail; but a search of 
the literature available to us showed that the effect 
had not been mentioned until quite recently, by 
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Scheiner' and by Crivetz*. We thought that a closer 
study would be of interest. 

The technique was a classical one. The qu intity 
of Ringer solution used was 10 ml. The tube t: bring 
the air into the solution was fitted with a screw clip, 
permitting the regulation or complete interruption 
of air supply. We worked with dorsal muscle of 
leech and rectus abdominalis of Rana esculenta, 
which, as is well known, are very sensitive to : wetyl. 
choline and respond to very small quantities by 
a contracture more or less prolonged according to 
the quantity of the drug. We used a solution 
of Roche acetylcholine at dilutions of 10-10”, 
We examined the effects of the interruption of air 
in the ascending phase as well as in the ‘plateau’ 
or descending phases of the contraction. 

Results. (1) The muscle responds to electric 
stimulation even in the absence of the passage of 
air-bubbles (a fact which is well known). The action 
of acetylcholine is, however, much reduced or in. 
hibited under these conditions. 

(2) If the air supply is interrupted in the ascending 
period of contraction, the muscle immediately ceases 
to contract and we obtain a ‘plateau’. If, however, 
air is re-introduced, the muscle takes up once more 
the interrupted contraction, up to the level which it 
would have reached without the interruption of air 
supply. In the ascending period, the supply of air 
may thus be interrupted and re-established several 
times, and a ladder effect obtained (curve 61). 








Time (10-min. intervals) 


Leach a _muscle : —-*-—-, normal contracture in presence of 
air ; contracture modified by alternate admission (+) and 
interruption (—) of air ; .-, Same in presence of physostigmine 

(3) When the contraction has reached the ‘plateau’ 
phase, it is maintained for some time and then de- 
creases little by little (curve a). The interruption 
of air, however, makes the muscle lose its contraction 
immediately and reach the level of relaxation much 
sooner. 

If, during the contraction, or, as soon as the muscle 
is completely relaxed, we let in the air current again, 
the muscle contracts once more. A series of successive 
contractions may thus be obtained, with the same 
quantity of acetylcholine, by opening and closing the 
air supply. However, the height of the contractions 
decreases progressively after a time, the admission 
of air having no more effect (curve 62). If the muscle 
is left, however, to contract normally without inter- 
rupting the air supply, the muscle, once it is relaxed, 
cannot contract again without the addition of a fresh 
supply of acetylcholine. 

It seems, therefore, that the air-bubbles are 
essential for the normal evolution of all the phases 
of contraction due to acetylcholine. 

On the other hand, the quantity of acetylcholine 
in the experimental bath does not become inefficient 
except when muscular contraction has completely 
ended in the normal way in the presence of air- 
bubbles. We have previously observed that the 
successive contractions obtained by interruption and 
admission of air with a single dose of acetylcholine 
become smaller and smaller; a certain quantity of 
acetylcholine in the bath therefore becomes more and 
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gore inactive, either because it has been used in 
gevious contractions, or because it has simply been 
stroved in another way. 

We have made a new series of experiments in similar 
onditions, the only difference being that we added 
) the liquid in the bath a small quantity of physo- 
tigmine, which, as is known, prevents the action of 
holinesterase. In these conditions the phenomena 
bserved in the ascending phase of the contractions 
were the same. In the descending phase, however, 
the successive contractions obtained by the closing 
wd opening of air supply were all equal (curve c). 
fven after eighteen hours of rest in a non-aerated 
quid, the acetylcholine contained in the bath pro- 
juced a new contraction when the current of air was 
ntroduced. In this case, because of physostigmine, 
yetylcholine was not decomposed, and was able to 
manifest just as strong an effect, even after a long 
time. But the muscular contraction following its 
tural course in the presence of air makes acety]l- 
holine completely exhaust its effect, even in the 
resence of physostigmine. 

We must observe that we have worked on some- 
what special muscles, which respond to acetylcholine 
by a prolonged contraction. Most investigators to-day 
attribute an important part to acetylcholine in the 
transmission of nervous influx from nerve to muscle ; 
but others, however, consider the contracture produced 
y acetylcholine as a non-physiological shortening 
f the muscle, in which the normal mechanism 
f muscular contraction is only partially involved. 
Therefore, the phenomena observed may be general- 
zed to other muscles only with the greatest caution 
ind after new experiments. However, taking these 
mservations into eonsideration, we may conclude : 
1) air is essential to the production by acetylcholine 
f normal muscular contracture ; (2) acetylcholine is 
lestroyed in muscles by cholinesterase little by little 
und only in the presence of air-bubbles ; (3) the effects 
bserved suggest that acetylcholine is completely 
sed up in muscular contraction only when the 
muscle is allowed to follow the complete normal 
urse of contracture in the presence of air. Obviously 
these researches need to be extended for a closer 
inalysis. 

A. RUDEANI 
M. Borez 

Scheiner, H., C.R. Sec. Biol., Paris, 140, 37 (1946). 


Crivefz, D., Bull. Acad. Méd. Rouman’/, 18, 36 (1946). 


Nuclear Transmutations of Carbon-13 


Tam (~ 0-05 mgm./em.*) deposits of carbon-13 
prepared electromagnetically at the Atomic Energy 
Xesearch Establishment, Harwell, have been bom- 
barded by protons and deuterons of energy up to 
| MeV., and observations made on the (py)'*, (dp)*-4, 
Ix)* reactions. 

(a) C'%(py)N'*. The resonance for 
energy 554 keV. was observed by bombarding 
arbon-13 targets deposited on copper ; Fig. 1, curve 
a), gives the results obtained, and curve (b) is that 
found with ordinary carbon. The capture gamma- 
raliation was detected by a scintillation counter 
using anthracene-loaded naphthalene and a photo- 
multiplier (E.M.I. type 5032). The interpretation of 
this reaction is not in doubt and the results are in 
agreement with those of Lauritsen e¢ al.’*. 

(6) C%(dp)C“’; C#%(dx)B™. Targets of carbon-13 
stainless steel were bombarded by 


protons of 
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Fig. 1. Bombardment of carbon by protons: (a) ordinary carbon, 
(b) carbon-13 


deuterons of energies between 430 and 980 keV., and 
the angular distribution of the long-range proton 
group was studied. It shows rapid variations with 
bombarding energy similar to those reported for 
other reactions’. The (dp) reactions of aluminium, 
magnesium and sodium, which have been studied 
recently in this Laboratory, also show this effect. 
These results will be published elsewhere. 

The extrapolated range of the long-range group, 
observed at angles of 30°, 90° and 150°, was com- 
pared with the extrapolated range of the proton group 
from the reaction Be*(dp)Be'®. Assuming an energy 
release in the beryllium reaction of 4-576 + 0-012 
Me\.*, the energy release in the C3(dp)C" reaction 
was calculated to be 5-91 0-03 MeV. 

A search for the low-energy group of protons re- 
ported by Humphreys and Watson‘ was made with 
a magnetic analyser’ using deuterons of energy 
930 keV. and an angle of observation of 123°. A 
group was found at an energy which would have been 
expected from one of the proton groups from the 
reaction N'*(dp)N*™ 8, but of five times the intensity 
predicted for nitrogen (by observation of another 
nitrogen group from the same target). If this group 
is assigned to the C%%(dp)C'** reaction, the energy 
release is 0-32 + 0-03 MeV., and the excited state 
in carbon-14 is at a level 5-59 + 0-04 MeV. This is 
in agreement with observations of gamma-radiation 
in the bombardment of carbon by deuterons**, 

The excitation function of the long-range proton 
group from the reaction C!*%(dp)C'* was compared 
with that of the alpha-particles from the reaction 
C*(da)B™ ; the results are shown in Fig. 2a,b, both 
curves referring to observation at 90° with the deu- 
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Fig. 2. 
(90°): 


teron beam. The dip at 700 keV. is not removed by 
correcting for the angular distribution of the proton 
group, and comparison of the two curves suggests 
that different levels in the compound nucleus are 
involved in the (dp) and (dx) reactions. 

We are very grateful to Sir John Cockcroft and 
to Dr. W. D. Allen and members of his group at 
the Atomic Energy Research Establishment, Har- 
well, who provided the separated targets used in 
this work. 

C. D. Curtine 
J. O. NeEwrTon 
Cavendish Laboratory, 
Cambridge. ° 
Dec. 21. 
* Curran, 8S. C., Dee, P. I., and Petrzilka, V., Proc. Roy. Soc., A., 169. 

269 (1939). 
* Lauritsen, T., 

241 (1941). 
Bennet, W. E., Bonner, T. W., Hudspeth, E., Richards, H. T., and 

Watt, B. E., Phys. Rev., 59, 781 (1941). 

‘ Humphreys, R. F., and Watson, W. W., Phys. Rev., 60, 542 (1941)- 
lfeydenberg, N. P., and Inglis, D. R., Phys. Rev., 73, 230 (1948). 

* Buechner, W. W., and Streit, E. N., Phys. Rev., 76, 1547 (1949). 
Burcham, W. E., and Freeman, J. M., Phil. Mag., 40, 807 (1949). 


* (huggenheimer, K. M., Heitler, H., and Powell, C. F., Proc. Roy. Soc., 
A, 190, 196 (1947). 


Lauritsen, C. C., and Fowler, W. A., Phys. Rev., 59, 


Influence of Very Low Temperatures on 
the Hardness of Carbon Steels 


THE present study of hardness forms part of a 
programme of investigation on the influence of very 
low temperatures on the physical properties of carbon 
steels and their main constituents, particularly be- 
cause this physical property responds in a very 
sensitive way to the changes to which solid solutions 
are subjected!. 

The cause of the hardness of martensite is of a 
very complex nature. According to Honda*, the 
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hardness is due to several concurring causes : fine. 


grained structure, internal strains and presence of 


carbon atoms in the lattice. The deformation of the 
tetragonal phase is also a contributing factor -» the 
hardness®. 

Six carbon steels were chosen containing 0-10, 


0-25, 0-45, 0-75, 0-90 and 1-25 per cent carbon 
respectively. The manganese contents varied from 
0-23 per cent in the highest carbon content stvel to 


0-12 per cent in the lowest carbon content ste: 

The specimens were quenched in 15 per cent brine 
after holding for 30 min. in a carbon monoxide 
atmosphere at temperatures ranging from 960° to 
780°C. After quenching in brine, the specimens 
were immersed in a liquid helium bath for about 3 hr. 
at a temperature of 1-5°-2° KK. The hardness of 
each specimen was measured during the three 
consecutive stages of treatment: (1) plain carbon 
steel, followed by (2) quenching in brine, and finally 
by (3) immersion in liquid helium. : 

For the study of the hardness the Firth 30-kgm. 
Hardometer with 136 diamond indentor was used‘, 
With properly prepared samples, that is, those which 
gave well-defined impressions, the diagonals were 
determined to + 0-05 mm. 

The ‘ridging’ and ‘sinking’ effects of the metal at 
the surface of the specimen, mentioned by other 
workers®, have never been observed by me. In order 
to test the reproducibility of the results, several 
impressions on each specimen were made 
secutively ; reproducibility of the order of + 0-1 per 
cent was obtained. The average length of two 
diagonals was used in the determination of the 
diamond hardness number. The results of the 
measurements are given in the accompanying graph. 

Every type of steel shows a similar phenomenon, 
namely, a very marked change of hardness after 
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Hardness of some carbon steels: (1) specimens of plain carbon 
steels; (2) after quenching in brine; (3) after immersion in 
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wenching in brine and quite a distinct further 
hanve after cooling in the helium bath. 

The study of the hardness of the above-named 
arbon steels after heat treating by tempering was 
he next step in the present work. Two sets of speci- 
wns have been investigated: in the first set, the 
amples were water-quenched and afterwards sub 
cted to consecutive temperings ; in the second set, 
the specimens were water-quenched, immersed in 
quid helium, and afterwards subjected to consecu- 
tive temperings. The tempering process of all 
secimens was identical: (i) at 100°C. in boiling 
water for 75 hr. ; (ii) at about 430° C. (melting point 
fa salt mixture) for 76 hr.; every effort has been 
made to avoid any decarbonizing process*. 

In both sets of carbon steels, there was a quite 
listinct fall of hardness after tempering at 100° C. 
und a very large hardness decrease after subsequent 
tempering in the salt bath. The effect of carbon 
ontents apparently plays an important part in the 
behaviour of the hardness; the changes in the case 
f 0-1 per cent carbon content were very small; but 
n the case of 1-25 per cent carbon quite appreciable. 
The noteworthy feature of the present results is the 
fact that the influence of cooling in liquid helium is 
sppreciable after every heat treatment; this is 
analogous to the influence of cooling in liquid air’. 

A full report on this work will be published else- 
where in due course. I wish to thank Prof. C. W. 
Dannatt for providing the laboratory facilities and 
for his constant interest in the work. Thanks are 
ue also to Dr. D. Shoenberg for facilities accorded 
to me in the Royal Society Mond Laboratory, Cam- 
bridge, and to Dr. 8S. Mocarski for very careful 
preparation of the carbon steel specimens. 


J6zeEF Mazur 
Metallurgy Department, 
Imperial College of Science and Technology, 
London, S.W.7. 


sch, C. H., “Metallography"’, 231 (London: Longmans, Green 
and Co., 1944). 

Honda, K., Archiv fiir das Eisenhiittenwesen, 1, 527 (1928) 

'Kurdjumow, G., and Sachs, G., Z. Phys., 64, 325 (1930). 

‘O'Neill, H., “The Hardness of Metals and its Measurement’, 90 
(Chapman and Hall, Ltd., London, 1934). 

Lysaght, V. E., “Indentation Hardness Testing’, 115 (Reinhold 
Publishing Corp., New York, 1949). 

Metals Handbook”, 317 (American Society for Metals, Cleveland, 
Ohio, 1944). 

Szewandin, E., and Mironczik, M., J. Tech. Phys., 7, 2275 (1937) 

(in Russian) 





A Modified Form of the Christiansen 
Filter 


THE great shortcoming of the Christiansen filter! 
is that, in principle, it is transparent for all wave- 
lengths. Every wave-length, after having passed 
through the filter, has its maximum intensity in the 
direction of the incident light. Although it is possible 
to construct a Christiansen monochromator in which 
the width, in wave-lengths, between the points on 
each side of the transmitted band at which the in- 
tensity is reduced to one-half, or even one-tenth, is 
small, the corresponding distance for the reduction 
of intensity to one-thousandth is of considerable size. 

This mixture of weak intensities of light of all the 
wave-lengths emitted from the light source renders 
the Christiansen monochromator inapplicable to in- 
vestigations in which weak intensities of ‘undesired’ 
light (particularly the shortest wave-lengths) produce 
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effects of the same order of magnitude as those pro- 
duced by strong intensities of the filtered light. 

By fairly simple means it is possible to combine 
the Christiansen monochromator with the ordinary 
prism monochromator so that one gets a type of light 
filter, which retains essentially the advantages of the 
Christiansen filter, and, at the same time, emits light 
of the same degree of purity as does the prism 
monochromator. In a glass cell with parallel faces 
small, identically orientated prisms with small re- 
fracting angles are piled as closely as possible. The 
spaces between the prisms are filled with a suitable 
liquid, the prisms taking the place of the powder in 
the Christiansen filter. The slits and lenses are 
arranged in the same way as in the prism mono- 
chromator. With methyl benzoate and prisms of 
ordinary crown glass, the light of two wave-lengths 
can easily be given, if prisms and glass cell are of 
reasonable size, just as great an angular difference 
by passing through the filter as it would in an ordinary 
prism monochromator. Hence the same intensity of 
light of the same degree of purity is obtained. 

The prisms need not be nearly so accurately ground 
as the prisms of the prism monochromator, and the 
demands concerning the optic properties of the prism 
glass are very moderate. A filter of this type will 
therefore be much cheaper than a prism; moreover, 
it can be of a far greater area (and, consequently, 
give greater intensity of light) than a prism. Inde- 
pendently of the area, it is also possible to increase 
the thickness of the filter, and thus, at any rate 
theoretically, to obtain very great angular variations 
of the light transmitted at varying wave-lengths. 
With such a fairly primitive filter, the widths for 
reduction of intensity to one-half, one-tenth and one- 
hundredth were measured and found to agree with 
the theory, the half-width distance equalling the 
change of wave-length which displaced the trans- 
mitted light a distance corresponding to the width cf 
the emission slit, and the hundredth-width distance 
being double the half-width. 

For an ordinary Christiansen filter the width for 
reduction to one-hundredth is much greater. Schott 
und Gen.*:*? do not record directly the width for 
reduction of intensity to one-hundredth, but from 
the curves it may be estimated to be about seven 
times that for reduction to one-half, and that for 
reduction to one-thousandth is much greater. 

A more detailed account of these investigations 
will appear elsewhere. 
























































































TAGE CARLSEN 
Physics Department, 
Pharmaceutical Academy of Denmark. 
Nov. 2. 
'(f., for example, McAlister, Smithsonian Misc. Coll., 93, No. 7 (1935). 
* Berger og Klemm, Zeiss Nachrichten, 2 Folge, Heft 2 (1936). 
* Geffcken, Kolloid-Z., 86, 55 (1939). 


Surface Effects in the Creep of Cadmium 
Single Crystals 

THE effect of immersing oxide-coated single crystal 
wires of cadmium in an electrolyte such as cadmium 
chloride is to increase the creep-rate many times. 
This effect was first noted by Andrade and Randall’. 
However, Andrade* afterwards found that if the 
surface of the crystals was cleaned by the evaporation 
of the outer layers this effect no longer existed. 
Similar results were obtained independently at the 
Cavendish Laboratory on crystals electro-polished in 
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a perchloric acid—alcohol bath. (A check on the 
surface cleanliness was made by electron diffraction.) 
Andrade and Randall also noted that if an oxide- 
coated crystal, extending under constant stress, was 
immersed in a solution of cadmium nitrate, the creep- 
rate initially increased, but soon decreased again, and 
in some cases even stopped. These results have been 
confirmed here, and microscopic examination of the 
surface showed that a crystalline dendritic over- 
growth had formed on the crystal. This was borne 
out by electrode potential measurements ; the steady 
potential of a cell comprising the crystal, a saturated 
calomel electrode and an electrolyte of cadmium 
nitrate was about 0-098 V. less than a similar cell 
with cadmium chloride of approximately the same 
normality as the electrolyte. When a creep test was 
made on the crystal immersed in the nitrate solution, 
a large increase in the potential of the cell of the order 
of 0-01 V. took place during the initial extension, 
showing that some surface layer had been torn open. 
The potential slowly decreased again as the cracks 
were sealed up. If similar measurements were made 
during a creep test in the chloride solution, the changes 
observed were at least a hundred times smaller. 

The nature of the overgrowth has been examined 
by one of us (J. W.M.) using standard electron- 
diffraction techniques. A wide variety of patterns 
has been obtained. One of the most common, with 
the electron beam directed along the crystal wire, 
consists of a large number of sharp diffraction spots 
lying on circles, the radii of which correspond to the 
lattice spacings of cadmium hydroxide. Cadmium 
hydroxide has the same crystallographic form as 
cadmium iodide, a hexagonal layer structure. Some 
patterns have been obtained showing a highly de- 
veloped hexagonal cross-grating single-crystal pattern 
which must arise from a crystal of the overgrowth 
with its hexagonal axis parallel to the electron beam. 
A few photographs have been obtained by trans- 
mission through thin crystals when the electron beam 
is perpendicular to the wire. These patterns are 
extremely complex, the spots of the hexagonal array 
occurring in clusters. The individual spots constitut- 
ing these clusters show both circumferential and radial 
variations from the true position of the appropriate 
Bragg reflexion. Other spots occur which do not 
correspond to the position of true Bragg reflexions. 
Some patterns show streaks joining one spot to the 
next in the pattern. Reflexions of the type (001) 
rarely appear. All these features are closely analogous 
to those observed by Finch and Wilman® in their 
investigation of patterns from thin flakes of cadmium 
iodide. The overgrowth is undoubtedly cadmium 
hydroxide. A further investigation of the details of 
the patterns is being undertaken. 

The explanation of the creep effects depends on the 
ease with which the slip processes can spread over 
the glide plane, which in turn depends on the ease 
with which dislocations can move out of the surface 
to form slip bands. With a soft cadmium crystal, 
and a clean surface, there is no obstacle to be over- 
come; but if the surface is coated with a hard and 
brittle layer of oxide, then slip cannot take place 
unless the local stress in the glide plane behind the 
layer is raised to such a high value that the film 
fractures or, alternatively, the layer is opened by 
the action of an ionic solution and the formation of 
the electrical double layer. Microscopic examination 
of the surface showed that, after immersion in the 
chloride solution, considerable breaking-up of the 
oxide film had occurred, allowing further plastic glide 
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to take place. In the nitrate solution, the same effec; 
initially is present, and the creep-rate increases. Byt 
then the cracks are soon closed by a film «f the 
hydroxide, and glide is again made difficult. 
J. W. MEn’rer 
Research Laboratory on Physics and 
Chemistry of Rubbing Solids, 
Department of Physical Chemistry, 
Cambridge. 
E. O. Hawi 
Cavendish Laboratory, 
Cambridge. 
Dec. 16. 
* Nature, 132, 890 (1948). 
* Nature, 164, 536 (1949). 
* Trans. Parad. Soc., 33, 1435 (1937). 


Structure of Stearic Acid Films on 
Copper 

has recently questioned my con 
clusions? on the structure of molecular films of 
stearic acid on copper. The criticism was based 
mainly on the observation that almost all long-chain 
compounds give similar electron diffraction trans. 
mission patterns. The validity of this criticism has 
to be admitted, and consequently the evidence for 
the presence of copper stearate on the observed 
lattice spacings is not conclusive. 

However, Brummage asserts that he has observed 
the are patterns’, which I attribute to copper stearate, 
from ‘rubbed’ films of stearic acid on stainless steel. 
Although the spacings arising from most long-chain 
organic compounds are similar, the relative intensities 
of the reflexions allow one to distinguish between, 
say, an acid and a soap. Figs. 1 and 2 clearly indicate 
that there is such a difference in relative intensities. 
By virtue of the increased number of spacings, Fig. 2 
suggests additional orientations to the one shown in 
Fig. 1. Further, heating experiments carried out 1 
rubbed films of stearic acid on stainless steel resulted 
in the disappearance of the arc pattern at a tempera 
ture of 50-55°C., whereas, in comparison, arc 
patterns from films of stearic acid heated on copper 
appear at 80° C. and persist up to 127—130° C. Finally, 
the pattern from heated layers can be obtained with 
the specimen oriented in any direction with respect 
to the electron beam, whereas are patterns from 
rubbed layers can be obtained only with the specimen 
arranged so that the electron beam is parallel to the 
direction of rubbing. These three reasons strongly 
favour the suggestion that there is a difference 
between the films obtained by heating stearic acid 


on copper and by rubbing it on stainless steel, 


BrRuMMAGE! 
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Fig. 1. Pattern obtained from a ‘rubbed’ film of stearic acid on 
stainless steel at 20° C. — beam parallel to direction of 
rubbing 


Pattern obtained from eleven layers of stearic acid on 


Fig. 2. 
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yithough both give rise to similar patterns, under 
appropriate conditions. 

In order to establish unequivocally the nature of 
the ervstals giving rise to the arc patterns from heated 
ayers, @ structure analysis of copper stearate is 
necessary. Such an analysis has, as yet, not been 
made, due possibly to the difficulty of obtaining 
sufficiently large single crystals of copper stearate. 

Finally, Brummage claims to have reported earlier‘ 
similar results to those I obtained by heating molecu- 

wt layers of stearic acid on copper. This earlier paper, 
however, contains no mention of the appearance of 
sharp rings on heating, but only the disappearance 
{the grease bands (for films of 7~11 molecular layers) 
at a temperature of 90-100°C. In Fig. 2 of ref. 2, 
mite strong grease bands (co-existing with strong 
sharp rings) are evident at a temperature of 95° C. 
Such grease bands did not disappear until at ~ 
110° C. 

While Brummage has pointed out that all long- 
hain compounds give similar transmission patterns, 
his assertion that similar arc patterns to those 
attributed to copper stearate can also be obtained 
from rubbed films of stearic acid on stainless steel 
an be misleading. 

My thanks are due to Dr. A. L. G. Rees for permission 
to use the electron diffraction camera of the Chemical 
Physics Section of the Division of Industrial Chem- 
istry of this Organisation, and for his constant advice 
and criticism. 


J. A. SPInk 


Division of Tribophysics, 
Commonwealth Scientific and 
Industrial Research Organisation, 
University of Melbourne. 
rummage, K. G., Nature, 164, 244 (1949). 
Spink, J. A., Watwre, 163, 441 (1949). 
frummage, K. G., Proc. Roy. Soe., A, 188, 414 (1947). 
trummage, K. G., Proc. Row. Soc., A, 191, 243 (1947). 


A Simplified Design for a Molecular 
Still of the Horizontal Type 


THE use of the horizontal-type still for molecular 
listillation has been developed by P. Meunier and 
Y. Raoul’, and has the advantage of being simple in 
eration. The present apparatus we have designed 
eliminates the mechanical part usually attached to 
the still. Indeed, during operation of the horizontal 
still, tilting of the apparatus is necessary in order 
to effect the flow of the liquid along the condenser. 
This repeated operation results in a gradual con- 
centration of the liquid at one part of the apparatus, 
thus leaving a big area of the condenser ineffective 
luring the distillation. 





NATURE 


613 


This difficulty has been avoided in the present 
apparatus, and furthermore, it is possible to vary 
the distance between the condenser and the under- 
side of the apparatus, thus keeping constant the 
distance condenser — liquid-level during a whole 
operation. 

The diagram shows a design of the new apparatus 
which has now been used. The bulb is so attached to 
the vacuum line by the ground-joint D that a con- 
stant tilt is maintained by the system during the 
whole operation. This avoids any contact with 
rubber tubing, as happens with the ordinary type 
of apparatus. 

The condenser C is so designed that turning the 
joint H has the effect of altering the distance from 
the condenser to the lower side of the apparatus 
from 3 cm. to 1-8 em. This is due to the condenser 
being off-centred in K by 1 cm. from the axis of the 
bulb. 

Furthermore, the tilt of the apparatus, and there- 
fore that of the condenser, is very much reduced 
by finely grinding the outer surface of the condenser 
F; this leads to greater wettability of the glass 
by the liquid distilling and results in a continuous 
flow of the liquid in thin laminz, no drop of the liquid 
being formed before B is reached. B is also shown in 
the inset diagram. The different points are so 
arranged that the liquid flowing on the condenser 
will form a drop on the lowest point for a given 
position of the condenser. The apparatus has 
been found useful for distilling polyethylene oxide 
derivatives. 

We are grateful to Dr. J. H. Schulman for much 
help and advice. 

C. C. Smrru 
R. MaTaton 
Department of Colloid Science, 
Free School Lane, 
Cambridge. 


Dec. 1. 


* Meunier, P., and Raoul, Y., Bull. Soc. chim., 11, 368 (1944) 


Hzmerythrin in Priapulus caudatus Lam. 


WHEN the body wall of Priapulus is punctured, 
large amounts of a pinkish fluid can be obtained. 
The celomic fluid contains erythrocytes composing 
about 2 per cent of its total volume. By hemolysis 
with distilled water the pigment of the erythrocytes 
goes into solution. The properties of this solution 
are similar to those; described from studies with 
hzemerythrin solutions!*. The preparation of hem- 
erythrin crystals according to the method given by 
Florkin, however, was not successful. Probably the 
hemerythrins from different species are not identical, 
but differ in respect to their protein components. 

The erythrocytes are biconvex, disk-formed cells 
with a central nucleus. They are provided with a 
distinct cell membrane. The cytoplasm contains 
vacuoles, granules and sometimes birefringent crys- 
tals. Besides erythrocytes, amcebocytes occur in the 
ecelomie fluid. 

The occurrence of erythrocytes containing hem- 
erythrin gives support to the view that the Priapulids 
are more closely related to the Sipunculids than to 
any other systematic group of animals. As shown 
by several authors, the celomic fluid of Sipunculus, 
Phascolosoma and other Sipunculids is characterized 
by erythrocytes which possess hemerythrin. 
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Erythrocytes of Priapulus. Cells fixed with Bouin's fluid and 
stained by Giemsa-solution. (Photo by G. Gustafson) 

A more detailed account of this investigation will 

be published later. 
RAGNAR FANGE 
Marine Zoological Station, 
Kristineberg, 
and 
Department of Zoophysiology, 
University of Lund. 
Nov. 25. 

' Marrian, G. F., Brit. J. Exp. Biol., 4, 357 (1927). 
* Florkin, M., Arch. Intern. Physiol., 36, 247 (1933). 


Composition of Linseed Mucilage 


THE study of the complex mixture obtained on 
hydrolysis of the polysaccharides has been facilitated 
by the application of the methods of partition 
chromatography! to the study of carbohydrates’. 
Using these methods, the mucilage obtained from the 
sperms of linseed (Linum usitotissimum var. Red- 
wing) by extraction with water is under investigation. 
This mucilage is of special interest because it has 
been proved that thé rarely occurring hexose, L- 
galactose, is a constituent sugar*. Hilger‘ reported 
the presence of xylose, glucose, arabinose, galactose, 
and an acidic fraction, which was later identified as 
an aldobionic acid consisting of D-galacturonic acid 
and t-rhamnose®. However, later workers have not 
confirmed the presence of arabinose or glucose. 

A preliminary examination of the mucilaginous 
solution showed that the purified, ash-free mucilage 
(equiv. 850) may be fractionated by using copper 
acetate into a water-insoluble copper salt (equiv. 420 ; 
yield 45 per cent) and a water-soluble fraction (equiv. 
1,050; yield 55 per cent). Investigation of the acid- 
hydrolysis products of the soluble fraction by means 
of paper partition chromatography on strips of filter 
paper, both qualitatively and quantitatively*, sug- 
gested the presence of galactose (12 per cent), 
arabinose (12 per cent), xylose (27 per cent), ribose 
or fucose (trace) and rhamnose (29 per cent). Using 
similar methods, study of the insoluble fraction 
indicated the presence of galactose (8 per cent), 
arabinose (9 per cent), xylose (25 per cent) and 
rhamnose (13 per cent). 

The identity of the sugars in the soluble fraction 
was confirmed by an examination of the products of 
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hydrolysis of the purified fraction (1-5 gm.) 
sugar mixture, after separation from the 
fraction, was separated into its component sugars, 
using @ column of powdered cellulose, with n-biitano| 
saturated with water as the mobile phase’. Six 
fractions were thus obtained (see table). The smal] 
yield of rhamnose showed that most of the rel:tively 
stable aldobiuronic acid had escaped hydrolysis, — 

Fraction IIT was oxidized using sodium meta. 
periodate, a modification® of the Nicolet and Shinn® 
method being employed. The formation of a smal} 
amount of acetaldehyde proved the presence of a 
trace of methyl pentose. Further evidence for a 
methyl pentose was afforded by the colour reaction 
with aniline trichloracetate and anisidine acetate. A 
comparison of the rate of movement with that of 
fucose on the paper chromatogram using various 
solvents suggested that linseed mucilage c 
this methyl pentose. 


tains 


{alp in Sugar Deriva 


water 


Re 
value 
of sugar 
present 


Yield 
(mgm.) 


L-Rham nose 


68 0°30 +s Benzoy 
hydraz 
{ Methyl! 
21 0°21; - + pentose ; 
0°17 .D-Xylose 
0:17 D-Xylose 


(Acetalde! 


Dibenzilice 
dimethy!- 
acetai 

Benzoy! 
hydrazone 


0°135 L-Arabinose 
0°135 ; 
Ore. 
0-075 


L-Arabinose; 
L-Galactose 


L-Galactose 1-Methyl-! 


poenyin 
zone 


Fraction IV gave the colour reaction for a pentose 
with aniline trichloracetate, and the rate of move. 
ment was identical with that of arabinose. This was 
confirmed by the formation of the benzoyl hydrazone 
in quantitative yield’, the positive rotation of the 
sugar solution providing the final evidence for the 
presence of L-arabinose. This work confirms the 
earlier work of Hilger; but no glucose was dis- 
covered in the acid hydrolysate. 

The occurrence of L-galactose with p-galacturonic 
acid and t-arabinose is of great interest. It has been 
suggested thai the pentoses originate by a process of 
decarboxylation of the uronic acids', which are 
formed by oxidation of the corresponding hexoses. 
Evidence for this theory is afforded by the co- 
existence of D-galactose, D-galacturonic acid, and 
L-arabinose in a number of mucilages. The sugars 
in linseed mucilage thus exhibit a very interesting 
anomaly since it is impossible for the galacturonic 
acid or arabinose to arise from the t-galactose by 
any simple mechanism. 

Further work is in progress. 

. G. EASTERBY 
J. K. N. Jones 
Department of Organic Chemistry, 
University, Bristol. 
Nov. 25. 
‘ Consden, Gordon and Martin, Biochem. J., 38, 224 (1944 
* Partridge, Nature, 158, 270 (1946). 
* Anderson and Lane, J. Biol. Chem., 168, 289 (1947). 
‘Hilger, Berichte, 36, 3197 (1903). 
* Anderson and Crowder, J. Amer. Chem. Soc., 52, 3711 (1930 
* Hough, Hirst and Jones, J. Chem. Soc., 928 (1949). 
’ Hough, Jones and Wadman, J. Chem. Soc., 2511 (1949). 
* Unpublished results. 
* Nicolet and Shinn, J. Amer. Chem. Soc., 63, 1456 (1941). 
** Hirst, Jones and Woods, J. Chem, Soc., 1048 (1947). 
"! Hirst, J. Chem. Soe., 71 (1942). 
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FORTHCOMING EVENTS 


\Veetings marked with an asterisk * are open to the public) 


Monday, April 17 
GROGRAPHICAL Socrety (at | Kensington Gore, London» 
> p.m.—Mr. W. B. Harland: “Cambridge Expedition to 
n, 1949" 
I TION OF ELECTRICAL ENGINEERS (at Savoy Place, Victoria 
ankment, London, W.C.2), at 5.30 p.m.—Discussion on ‘Private 
eration and the Public Supply”’ (to be opened by Mr. A. N. Lrens), 
WANCHESTER LITERARY AND PHILOSOPHICAL Society (in the 
yynolds Hall, College of Technology, Manchester), at 5.30 p.m. 
» Gluckman: “Social Beliefs and Individual Thinking in Primitive 
Society 
yieToRtA INSTITUTE (in the Tudor 
pster, London, 5.W.1), at 5.30 p.m 
i Evolution” 
SocreTY OF CHEMICAL INDUSTRY, 
u the Royal Society of Tropical Medicine, Manson House, 26 Port- 
sad Place, London, W.1), at 6.30 p.m.—Dr. D. Cleverdon and Mrs. 
Laker The Molecular Weights of High Polymers” 


Tuesday, April 18 
TEXTILE INSTITUTE (at Morley Town Hall, Wilmslow, Mi anchester) 
a.m.—Conference on “The Reclamation of Fibres’ 

ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, Lon- 
t 5 p.m.—Dr. R. O'R. Piddington ‘Anthropology and 

of Modern Society—Some Theoretical Problems”’ 
[STITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
« Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m. 
¥scussion on “Temperature Measurement” (to be opened by Mr 
4. Hall and Mr. C. R. Barber). 
[INSTITUTION OF ELECTRONICS, 
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Hall, West- 
“Genetics 


Room, Caxton 
Mr. Douglas Dewar : 


PLASTICS AND POLYMER GROUP 


NORTH-WESTERN BRANCH (in the 

wynolds Hall, College of Technology, Manchester), at 6.30 p.m. 

x. J. A. Darbyshire: “Cathode Ray Tubes for Television” 
WANCHESTER GEOGRAPHICAL Society (at the Geographical 
St. Mary’s Parsonage, Manchester), at 6. 30 p.m. -Mr. | 
tchell: “Over the Pyrenees to Sunny Spain’ 

SHEFFIELD METALLURGICAL ASSOCIATION (at 198 West Street, 
efield), at 7 p.m.—Mr. D. W. Clark: “Recent Research on Sintered 

vides and Metals” 

we OMEN’S _ ENGINEERING SOCIETY (at 35 Grosvenor Place, 

$ at 7 p.m.—Discussion on “Women and Agriculture” 
ROYAI ABRONAUTK AL Socrery (at 4 Hamilton Place, London, 

at 7.30 p.m.—Discussion on “The Training of Aeronautical 

gineers 

INSTITUTION OF ELECTRICAL ENGINEERS, 

ut the Cavendish Laboratory, Cambridge), 

wkson ‘The Structure, Electrical Properties and 
Barium-Titanate Class of Ceramic Materials" 


Wednesday, April 19 

ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SOUTH-EASTERN 

NTIES SECTION (joint meeting with the LONDON SEcTION of the 
SoaeTy OF CHEMICAL INDUSTRY, in the Large Chemistry Theatre, 
niversity College, Gower Street, London, W.C.1), at 3.30 p.m 
Symposium on “The Physical Chemistry of Drug Action’”’ (to be intro- 

ed by Sir Cyril Hinshelwood, F.R.S.) 

ROYAL METBOROLOGICAL Society (at 49 Cromwell Road, London, 
3.7), at 5 p.m.—Prof. P. M. 8. Blackett, F.R.S.: “Theories of the 
rgin of Cosmic Rays’ (Symons Memorial Lecture).* 

INSTITUTION OF ELECTRICAL ENGINEERS, SHEFFIELD SUB-CENTRE 
at the Grand Hotel, Sheffield), at 6.15 p.m.—Mr. H. Headland 
Tidal Power and the Severn Barrage” 

PLASTICS INSTITUTE, LONDON AND DISTRICT SECTION (at the Wal- 
lof Hotel, Aldwych, London, W.C.2), at 6.30 p.m.—Dr. C. A. Red- 
arn P.V.C. Leathercloth” 
INSTITUTION OF ELECTRICAL 
‘WTION (joint meeting with the LONDON STUDENTS’ SECTION of the 
STITUTION OF CIVIL ENGINEERS, and the LONDON GRADUATES’ SEc- 
tos of the INSTITUTION OF MECHANICAL ENGINEERS, at Savoy 
ace, Victoria Embankment, London, W.C.2), at 7 p.m.—Short 
apers on “The Design and Construction of a Power Station” 


Thursday, April 20 
TION OF MINING AND METALLURGY (at the Geological 
Burlington House, Piccadilly, London, W.1), at 5 p.m 
Messrs. Jan Dzienisiewicz and E. J. Pryor: “An Investigation into 
Action of Air in Froth Flotation” 
LONDON MATHEMATICAL Society (at the 
“eclety, Burlington House, Piccadilly, London, 
H. Neumann: “Some Recent Results on Infinite 
INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, Victoria 
inkment, London, W.C.2), at 5.30 p.m.—Prof. E. K. Rideal, 
“Phase-Boundary Potentials and their Significance in Chem- 
orty-first Kelvin Lecture). 
BRITISH INSTITUTION OF RADIO ENGINEERS, LONDON SECTION (at 
don School of Hygiene and Tropical Medicine, Keppel Street 
W.C.1), at 6.30 p.m.—Mr. D. W. Heightman: “U.H.F. 
‘ropagation and Characteristics” 
Friday, April 21 
es OF DAIRY TECHNOLOGY (at the Conway Hall, Red Lion 
‘quare, London, W.C.1), at 10. ame Discussion on ““‘Developments 
athe Heat Treatment of Milk”’ (Mr. Rowlands: “Bacteriological 
Aspects Dr. R. Seligman a adn Aspects’’). 


London, 


CAMBRIDGE RADIO GROUP 
at 8.15 p.m.—Prof. Willis 
Applications of 


ENGINEERS, LONDON STUDENTS’ 


INSTIT 
Society 


Royal Astronomical 
W.1), at 5 p.m. 
Groups” 


NATURE 


Hall, 
» FP 


615 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Mining Lecture Theatre, 
Imperial College of Science and Technology, South Kensington, Lon- 
don, 8.W.7), at 11 a.m.—Symposium on “Marine Biology” 

INSTITUTION OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5 p.m.—Mr. A. C. Clarke and 
Dr. R. d’E. Atkinson: “Interplanetary Travel” 

SOCIETY OF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS, 
POLAROGRAPHIC DISCUSSION PANEL of the PHYSICAL METHODS GRoUP 
(at the Physical Chemistry Laboratory, Free School Lane, Cambridge), 
at 5 p.m.—Scientific Papers. 

INSTITUTION OF MECHANICAL ENGINEERS (at Storey’s Gate, St. 
James's Park, London, 8.W.1), at 5.30 p.m.—Mr. O. V. 8. Bulleid : 
“Stages in the Development of the Steam Locomotive to Restore it 
to its Supremacy as the Ideal Railway Traction Unit” 

RESEARCH DEFENCE SOCIETY (at the Medical Society of London, 
11 Chandos Street, Cavendish Square, London, W.1), at 5.30 p.m. 
Mr. A. L. Bacharach: “The Production and Care of Laboratory 
Animal Stocks” 

Society OF GLASS TECHNOLOGY, 
Gas Showrooms, St. Helens), at 6 p.m. 
Materials in Glass Manufacture” 

OI AND COLOUR CHEMISTS’ ASSOCIATION, MANCHESTER SECTION 
(joint meeting with the PAINT RESEARCH STATION, at the Engineers’ 
Club, Albert Square, Manchester), at 6.30 p.m.—Mr. P. J. Gay 
“Accelerated Weathering” 

SocreTty OF ENGINEERS (at 17 Victoria Street, 
6.30 p.m.—Mr. B. Hope-Taylor: “Aerial Photography 
wology”’ 

Society OF CHEMICAL INDUSTRY, 
Large Anatomy Lecture Theatre, 
W.C.2), at 7.20 p.m.-—Dr. L. P. 
panocides”’ 


NORTH-WEST SECTION (at the 
-Prof. H. Moore: “Raw 


London, 5.W.1), at 
and Arch- 


FINE CHEMICALS GROUP (in the 
King’s College, Strand, London 
Walls: “The Chemistry of Try- 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER IN MATHEMATICS at the Rutherford College of Technology 

The Director of Education, City Education Office, Northumberland 
Road, Newcastle-upon-Tyne | (April 22). 

SCHOLARSHIP IN AGRICULTURAL BOTANY 
University, Liverpool (April 22). 

SENIOR EXPERIMENTAL OFFICER (temporary) at the Building 
Research Station td take charge of the preparation of monthly Build- 
ing Science Abstracts—The Regional Appointments Board, 5 Salisbury 
Villas, Station Road, Cambridge, quoting 106/655.6 (April 22) 

RADIOCHEMICAL INSPECTOR (with a good honours degree in chem- 
istry and substantial research experience) on the staff of the Ministry 
of Health—-The Secretary, Civil Service Commission, 7th Floor, 
Trinidad House, Old Burlington Street, London, W.1, quoting No. 
3018 (April 27). 

KEEPER OF VERTEBRATE ZOOLOGY in the Museums Department— 
The Town Clerk, Municipal Buildings, Liverpool 2 (April 29). 

SENIOR LECT( RER (Grade I) IN ANIMAL HUSBANDRY, a LECTURER 
(Grade II) IN VETERINARY ANATOMY (Embryology), a LECTURER 
(Grade II) IN VETERINARY PHYSIOLOGY ( Histology), a LECTURER (Grade 
Il) IN CHEMICAL PHYSIOLOGY (mainly for veterinary students), and a 
Junior LECTURER IN VETERINARY ANATOMY—The Secretary and 
Registrar, The University, Bristol (April 29). 

TECHNICAL ASSISTANTS IN ADMIRALTY ESTABLISHMENTS at home 
and abroad, for investigating problems in connexion with electronic 
and testing apparatus—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), York House, Kingsway, London, 
W.C.2, quoting D.102/50A (April 29). 

DIRECTOR OF AGRICULTURE under the Government of East Bengal 

The Office of the High Commissioner for Pakistan, 35 Lowndes 
Square, London, 5.W.1 (May 1). 

LECTURER (Grade I1) IN MATHEMATICS—The 
Registrar, The University, Bristol (May 1). 

PRINCIPAL SCIENTIFIC OFFICER (with first- or second-class honours 
degree in mechanical or electrical engineering, or equivalent) at the 
Atomic Energy Research Establishment, Harwell, to take charge of a 
small group engaged in problems of heat transfer, and special problems 
arising in the development of nuclear energy for power purposes, 
involving design of special experimental apparatus—The Secretary, 
Civil Service Commission, Scientific Branch, 7th Floor, Trinidad 
House, Old Burlington Street, London, W.1, quoting No. 3022 (May 3) 

FELLOWSHIP for research into problems connected with heating 
and ventilating -The Secretary, Institution of Heating and Ventilating 
Engineers, 75 Eaton Place, London, 8.W.1 (May 6). 

LECTURER (Grade I) IN MECHANICAL ENGINEERING—The Secretary, 
The University, Birmingham 3 (May 15). 

RBSEARCH ASSISTANT (with honours degree in economics) IN THE 
DEPARTMENT OF INDUSTRIAL RELATIONS—-The Registrar, U niversity 
College, Cathays Park, Cardiff (May 30). 

LECTURERS IN THE DEPARTMENT OF 
IN THE DEPARTMENT. OF AGRICULTURAL 
Secretary, The University, Aberdeen (May 31). 

MACKINNON RESEARCH STUDENTSHIP for research in the physical 
sciences, including chemistry, geophysics, astronomy, and engineering 
sciences—-The Assistant Secretary, Royal Society, Burlington House, 
Piceadilly, London, W.1 (May 31). 

PLANT PATHOLOGIST at the Forestry Commission Research Station 
at Alice Holt, Farnham, Surrey—The Secretary, Forestry Commission, 
25 Savile Row, London, W.1 (May 31). 

CHEMIST TO THE RUBBER RESEARCH SCHEME (Ceylon)—The Chair- 
man, London Advisory Committee for Rubber Research (Ceylon and 
Malaya), Imperial Institute, London, 8.W.7 (June 15). 

ASSISTANT LECTURER IN GEOLOGY—The Registrar, 
College, Southampton. 


-The Registrar, The 


Secretary and 


and LECTURERS 
—The 


GEOLOGY, 
BACTERIOLOGY 


University 
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ASSISTANT PROFESSOR OF PHYSIOLOGY, and an ASSISTANT PRO- 
FESSOR OF PHARMACOLOGY—The Dean of Medicine, Dalhousie Univer- 
sity, Halifax, Nova Scotia, Canada. 

BACTBRIOLOGIST (non-~ -medical) to undertake routine bacteriological 
work and supervise laboratory ures—The Blood Products 
Research Unit, Lister Institute, Elstree, Herts 

BOTANIST, and an AGRONOMIST—The Director f Research, Sugar 
Research Department, Mandeville, Jamaica, B.W 

GRADUATES CHEMIS? or MBTALLURGIST FOR a ‘CorRosIon LaB- 
ORATORY (in Birmingham)—The Personnel Officer, British Iron and 
Steel Research Association, 11 Park Lane, London, W.1. 

[INSPECTORS OF MINES in the Colonial Service, Nigeria—The Director 
of Recruitment (Colonial Service) Sanctuary Buildings, Great Smith 
Street, London, 8.W.1, quoting No. 27099/13. 

RESEARCH STATISTICIANS (with good honours d in mathematics 
or economics with statistics), and ASSISTANT TISTICIANS (with 
degree in mathematics, biology or sgriculture)—The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts. 

SENIOR SCIENTIFIC ASSISTANT (male) IN THE SEROLOGICAL DBPART- 
MENT of the Army Vaccine Laboratory, East Everleigh, Marlborough 
Wilts—The War Office (C.5(B) ), London, 8.W.1. 

Surveyor in the Colonial Service, Nyasaland, to carry out field 
work including cadastral and estate surveys—The Director of Recruit- 
ment (Colonial Service), Sanctuary Buildings, Great Smith Street, 
London, 8.W.1, quoting No. 27076/22/50. 


REPORTS and other PUBLICATIONS 


luded in the monthly Books Supplement) 
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Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London, Series A 
Mathematical and Physical Sciences. No. 844, Vol. 242: Focusing 
Effects in Two-dimensional, Supersonic Flow. By R. E. Meyer. 
Pp. 153-171. 48. No. 845, Vol. 242: Large Elastic Deformations of 
Isotropic Materials, 6, Further Results in the Theory of Torsion, Shear 
and Flexure. By R. 8S. Rivlin. Pp. 173-195. 58. 6d. (London : 
Cambridge University Press, 1949.) {51 

The British Electrical and Allied Manufacturers’ Association : 
a Short Account of its Growth and Activities. (Publication No. 141.) 
Pp. 16. (London: British Electrical and Allied ees | 
Association, 1949.) 

A List of Abbreviations of the Titles of Biological Journals. Selected 
by permission, from the ‘World List of Scientific Periodicals’. Issue 
by the Biological Council. Pp. iv+26. (London: H. K. Lewis and 
Xo., Ltd., 1949.) 2s. 6d. net. [51 

Hospital and Community. 2: Hospital-treated Sickness Amongst 
the People of Ayrshire. Pp. x+85. (London: Nuffield Provincial 
Hospitals Trust, 1950.) 3s. 6d. [51 

Ciba Foundation for the Promotion of International Co-operation 
in Medical and Chemical Research. Pp. 26+4 plates. (London: Ciba 
Foundation, 1949.) 

Ministry of Fuel and Power. 
for the Year 1947. Scottish Division. 
1 pests plates. (London: H.M. 

3d. net 

"hen al Institute of Chemistry. Lectures, Monographs and Reports, 
1949. No. 5: The Function of the Expert Witness in Litigation. By 
Heald ; The Protection of Chemical Inventions, by Dr. James G. 

Fife. Pp. 20. 3s. net. No. 6: Report of a Symposium on Labor- 
story Lay-out and Construction, April 21, 1948. Pp. 40+2 plates 
ts. 6d. net. No. 7: Lecture on the Sccteaait of Chemical 
Processes. By Dr. Frank Roffey. Pp. 16+4 plates. 3s. net. (London: 

toyal Institute of Chemistry, 1949.) [51 

Papers of the Royal Commigion on Population. Vol. 1: Report of 
in Inquiry into Family Limitation and its Influence on Human Fer- 
tility during the Past Fifty Years. By Dr. BE. Lewis-Faning. Pp. xvi + 

202. (London: H.M. Stationery Office, 1949.) 4s. net. {101 

National Museum of Wales. orty-second Annual Report, 1948-49. 
Pp. 57+2 plates. (Cardiff: National Museum of Wales, 1949.) [101 

bepartaceed of Scientific and Industrial Research: Fuel Research 
Survey Paper No. 50: Improved Methods for the Quantitative a 
of Coal Ash and Coke Ash. Pp. iv+40+3 plates. (London 
Stationery Office, 1949.) 1s. net. {101 

Colonial Office. A Note on some of the Scientific Studies m 
taken by Members of the Colonial Medical Service during the Period 
1930-47, with a rome 4 (Colonial No. 252.) Pp. 47. (London: 
H.M. Stationery Office, 1949.) 18. net. f101 

Rothamsted Experimental Station. Report for 1948. Pp. 151. 
(Harpenden: Rothamsted Experimental Station, 1949.) 5s. {101 

Medica! Research Council. Memorandum No. 23: Nomenclature 
of Fungi Pathogenic to Man and Animals; Names recommended for 
use in Great Britain. By the Medical ra 9! Committee of the 
Medical Research Council. Pp.12. (London M. Stationery Office, 

1949.) 6d. net. {101 

Ministry of Fuel and Power. Reports of H.M. Inspectors of Mines 
for the Year 1947. West Midland and Southern Division. Report 
by H. S. 8. Scott. Pp. iv+60+4 plates. (London: H.M. Stationery 
Office, 1949.) 1s. 6d. net. {111 

British Journal of Applied Physics. (Monthly.) Vol. 1, No. 1, 
January 1950. Pp. 32. (London: Institute of Physics, 1950.) 6s. ; 
annual subscription, 60s. {121 

University Grants Committee. A Note on Technology in Universi- 
ties. Pp. 8. (London: H.M. Stationery Office, 1950.) 4d. net. [171 

Memoirs of the Geological ~ 7. Special Reports on the Mineral 
Resources of Great Britain, Vol. The Limestones of Scotland. By 
Dr. T. Robertson, Dr. J. B. at wt and Dr. J. G. C. Anderson; with 
Contributions by D. Haldan. and J. Knox. Pp. viii+221+7 plates. 
(London and Edinburgh : H.M. Stationery Office, 1949.) ~— = 
net 191 
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Other Countries 


Revista da Associacao Medica de Minas Geraes. Vol. | 
Agosto 1949. Pp. 104. (Belo Horizonte: Associacao 
Minas Geraes, 1949.) 

United States Department of the Interior: Geologic 
Bulletin 948-B: Chromite Deposits near Seiad and MeGuitly 
Siskiyou County, California. -By Francis G. Wells, Clay 7. 

Garu H. gg and John 8. Livermore. (Strategic 
Investigations, 1945.) Pp. v+19-62+plates 6-32. 1.25 
Bulletin 961 : Manganese Resources of the Artillery Mountains 
Mohave County, Arixona. By 8S. G. Lasky and B. N. Webber 
vi +86 +28 plates. 1.50 dollars. Bulletin 962-A : Coal Deposite of 
Santa Clara District near Tonichi, Sonora, Mexico. By Ivan I’. Wilson 
and Victor 8. Rocha. Pp. v+80 +12 plates. 1 dollar. Bulletin 
964-A : Manganese Deposits of the Serra do Navio District Territory 
of Amapé, Brazil. By John Van N. Door, pans Charles F. Park, Jr, 
and Glycon da Paiva. Pp. atte’ 38%, Ape 45 cents 

966-B: Geophysical Abst 137 pril-June 1949 = 
11002-11201.) By M. C. Rabbitt, V. L. Ski ky and 8. T. Vessel 
Pp. iii +95-165. 20 cents. (Washington, D.C. : Government Pri 
Office, 1949.) 

United States Department of the Interior: Geological 
Professional Paper 221-A: The Foraminiferal Fauna of the Upper 
Cretaceous Arkadelphia Marl of Arkansas. By Joseph A. Cushman. 
Pp. tii+19+4 plates. (Washington, D.C.: Government Pri 
Office, 1949.) 40 cents 

British Guiana. Report on the Geological Survey Department for 
the Year 1948. Pp. ii+52. (Georgetown: Geological Survey De 
ment, 1949.) 48 cents. 212 

Government of Travancore. Administration Report of the Govern. 
ment Gardens for 1123 M.B. Pp. ii+9. (Trivandrum: G 
Press, 1949.) 

Esquema de un Plan Agrario. Por Luis de la Pava L. Py 
(Armenia: The Author, Caldas, 1949.) Free 

Commonwealth of Australia : Commonwealth Scientific and lahee 
trial Research Organization. First Annual Report for the Year ending 
= vans, 1949. Pp. vi+273. (Melbourne: Government Printer, 
19 [2912 

Metabolic Interrelations. Transactions of the First Conference, 
New York, February 7-8, 1949. Edited by Dr. Edward ©. Reifen- 
oye Pp. 193. (New York: Josiah Macy Jr. Foundation, 1949.) 
2 ollars 

Biological Antioxidants. Transactions of the Third Conference, 
October 7-8, 1948, New York. Edited by Cosmo G. M 
PD. 146. (New York: Josiah Macy Jr. Foundation, 1949.) 2.7 
daouars 
Blood Clotting and Allied Problems. Transactions of the Seed 
Conference, January 24-25, 1949, New York. Edited by J E 
Flynn. Pp. 231. (New York: Josiah Macy Jr. Foundation, 1649, 
2.25 dollars. 

Midwest Research Institute. Annual Report, 1949. Pp. 20. (Kansas 
city, Mo.: Midwest Research Institute, 1949. 51 

nesco : Science Co-operation Office, Middle Kast. List of 

Paper published in the Middle-East received by this Office between 

March and Ist October 1949. No.4. Pp. 72. (Cairo: Unesco 
p~ L. Co-operation Office, Middle East, 1949.) (51 

Smithsonian Miscellaneous Collections.’ Vol. 112: Catalog of the 
Termites (Isoptera) of the World. By Thomas E. Snyder. (Publica- 
tion 3953.) Pp. ii+490. (Washington, D.C.: Smithsonian Instite- 

101 


tion, 1949.) 

Survey of India. General Report 1947, from Ist October 1 
14th August 1947. Pp. x+80+2 lates + 7 maps. 3 rupees; 
Technical — 1947, from Ist October 1946 to 14th Aucust jst 
Pp. vi +61 +6 plates +2 maps. 3 rupees; 5¢. (Dehra Dun i 
of India, 1949. [101 

Smithsonian Institution: Bureau of American Ethnology leti 
143: Handbook of South American Indians, Vol. 5, The Comparati 
Ethnology of South American Indians, Edited by Julian H Steward, 
Pp. xxvi+818+56 plates. (Washington, D.C.: Government Printi 
Office, 1949.) 3 dollars. ui 

Smithsonian Institution: Freer Gallery of Art. Oriental Studie 
No. 4: Shiraz Painting in the Sixteenth Century. By Grace Dw 
Guest. (Publication 3978.) Pp. v+70+50 plates. (Washington, DE. 
Government Printing Office, 1949.) {lig 

Annals of the New York Academy of Sciences. Vol. 52, Art. 5 
The Chemotherapy of Tuberculosis—the Experimental iocccalll 
Max B. Lurie, Geoffrey Rake, Richard Donovick, Selsman Wak 
and 31 other authors. Pp. 625-788. (New York: New York Academ 
of Sciences, 1949.) 2.50 dollars. 1 

Report of the King Institute of Preventive Medicine, one 0 
the Period from ist April 1947 to 3ist March 1948, by Dr Vv 
Venkatraman; and Report of the Government Analyst, Madras, 
K. V. Sundaram Ayyar. Pp. 92+5. (Madras: Government P 
1949.) 2.2 rupees. fl 


Catalogues 


Phonic Motor Timing Devices. (Bulletin B.601.C.) Pp. &% 
Universal Unit Conductivity Bridge. — B. 618. A.) Pp 
(Beckenham : Muirhead and Co., Ltd., 19 

Catalogue of Books on various Subjects, , Anthropology, 
Natural History, Ships and Shipping, Military, Publications 
Roxburghe Club, Sport and ponstetpesting, s (Catalogue 701, 
Pp. 90. (London: Francis Edwards, Ltd., 

Gumstrip in your Business for Safer, F. Neater and S 
Packaging. Pp. 8. (London: Samuel Jones and Co., Ltd.. 

The Complete Spraying Programme for the Fruit Grower, the Ho 
Grower and the Market Gardener, Season 1949-1950, Pp. 52. (Whe 
hampstead : Murphy Chemical Co., Ltd., 1950.) 

Marmite Yeast Extract in Medicine and Dietetics. New ecitio 
Pp. 16. (London: Marmite Food Extract Co., Ltd., 1950.) 

Beck Reflecting Microscope Objective. Pp. 2. (London: K. andJ 
Beck, Ltd., 1950.) 

Sciex Technical Bulletin: The Finch Electron pamatiee Cal 
Pp. 8. (London: W. Edwards and Co.. Ltd., 195( 











